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Abstract 
Animal welfare is a growing concern for society and research into the welfare of 
animals has increased.  Assessment of animal welfare usually includes physiological as 
well as behavioural measurements; however, these measurements do not give 
information on the emotional state of the animal.  Qualitative behavioural assessment 
(QBA) has been developed as a method to assess the behavioural expression of an 
animal and hence the emotional state.  QBA has been used to assess the behavioural 
expression in a number of species; however it had not previously been used in sheep.   
The research described in this thesis was conducted to determine whether QBA 
could be used to assess the welfare of sheep during a stressful event.  Transport, as a 
known stressor, is a key component of sheep farming in Western Australia, with sheep 
transported from farm to abattoir as well as to feedlots and shipping ports.  Therefore, 
transport was chosen as the stressor.  Continuous video footage recorded during each 
trip was used to provide unidentified clips of individual animals that were shown to 
observers for QBA.   
Fourteen Merino wethers were assessed during their first road trip (naïve 
transport), and then again on their seventh trip, 8 days later (habituated transport).   They 
were then assessed during transport with altered flooring (slip vs. non-slip), ventilation 
(open vs. closed) and driving conditions (stop-start vs. continuous).  Blood samples 
were collected immediately before loading and after unloading, and heart rate and core 
body temperature were measured continuously throughout each trip.   
There was significant consensus amongst observers in terms of their assessment of 
the behavioural expression of the sheep.  Observers were able to distinguish between 
transport-naïve and transport-habituated sheep, between sheep transported with differing   iv 
flooring conditions and driving conditions.  However, observers were not able to 
distinguish between sheep transported with different ventilation.  The physiological 
response to transport varied depending on the type of transport stressor imposed, but 
there were significant correlations between the physiology and the behavioural 
interpretations (QBA scores) in all experiments. 
Further studies were conducted to determine the effects of nutritional status on 
the behavioural responses to a stressful event; transport.  Sheep undergoing transport 
often have different nutritional backgrounds and in addition to this they are usually kept 
off feed and water for a period of time before transport.  It is also known that the 
nutritional demands on sheep changes with time of year and feed availability.  Therefore 
it was investigated whether QBA could be used to determine if sheep with different 
nutritional backgrounds, at different times of the year, exhibited different behavioural 
expressions during transport.  In addition, the effect of feed and water withdrawal for 36 
hours before transport was investigated.   
Observers were able to distinguish between sheep transported in July (increasing 
day length) compared to January (decreasing day length) and between high and low 
BCS sheep.  Observers did not detect significant differences in the behavioural 
expression of sheep with increasing and decreasing BCS transported at different times of 
the year.  Observers were able to distinguish between sheep of BCS 1.5 and decreasing 
BCS, and between sheep of BCS 3.5 and increasing BCS transported pre- and post-fast; 
however, observers did not detect significant differences in the behavioural expression 
of sheep with BCS 1.5 and BCS 3.5 transport pre- and post-fast.  The physiological 
responses to transport varied depending on nutritional status, but there were significant 
correlations between the physiology and the behavioural interpretations (QBA scores). 
Behavioural assessments are open to observer bias, and information on the 
background of the observers (such as sex, age, country of birth, area of   v 
study/employment, habitat, dietary preference, purchasing habit, pet ownership, level of 
experience with sheep, and occurrence of seeing sheep transported) as well as their 
opinions on sheep and animal welfare and behaviour were collected during the study 
and it was investigated whether these factors had an influence on how the observers 
perceived behavioural expression.  There were some effects of observer background, 
with Australians, vegetarians, and observers with low levels of experience with sheep 
perceiving one dimension of behavioural expression more than other observers.  
However, all of the observers were still able to reach consensus in their interpretation of 
the behavioural expression of the sheep.  In conclusion, these data suggest that people 
from the divergent backgrounds assessed in this study achieve a high degree of 
interpretational agreement when assessing behavioural expression in transported sheep. 
A final experiment investigated the correlation between temperament and 
behavioural expression of the sheep.  There is variability between individual animals in 
their behavioural response to an environment and this variability in response is 
interpreted as the temperament of the animal.  Observers assessed the behavioural 
expression of sheep under different nutritional states (low: BCS 1.5; high: BCS 3.5) and 
these results were correlated with temperament measures taken of the sheep.  Observers 
saw no difference between the nutritional groups in their behavioural expression and 
there was also no difference in the temperament between the nutritional groups.   
This work has led to a greater understanding of the behavioural expression of 
sheep during transport and the ability of observers to assess that behavioural expression.  
Observers reach consensus in their interpretation of behavioural expression, and QBA 
scores correlated with physiological measures in an informative way.  QBA successfully 
detected different behavioural responses to transport in sheep and it is suggested that 
QBA can be used as a practical and informative measure of behavioural responses in 
sheep and to transport.  This research has set a foundation for further study of the   vi 
qualitative behavioural assessment of sheep in a number of experimental and on-farm 
conditions. 
     vii 
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Chapter 1.  Introduction 
 
 
The focus of this thesis is to seek evidence of associations between qualitative 
behavioural assessment (QBA) methodology and other welfare measures, and to 
validate its application as a measure of welfare in sheep.  The assessment of animal 
welfare usually includes physiological and behavioural measurements; however, 
measuring physiology is usually expensive, intrusive to the animal and the time the 
sample is taken does not always match the physiological response time.  Measurements 
of behaviour can be collected over a relevant window of time but there is often less 
consensus over how such behaviour reflects the emotional state of the animal.  For 
example, counting the number of times a sheep stomps its foot or twitches its ear tells us 
nothing about the reason or the way it carries out that action, and hence tells us nothing 
about the emotionality.  QBA is a technique where observers can observe an animal or a 
group of animals and use their own descriptive words (using free choice profiling) to 
describe how an animal is behaving (behavioural expression), rather than what the 
animal is doing.  QBA has been shown to be a successful tool for measuring the 
behavioural expression of pigs, cattle, poultry, horses and dogs and has been 
incorporated into on-farm welfare assessments in Europe.  However, QBA has never 
been used to assess welfare in sheep nor assess welfare in an intense industry situation, 
such as transport.  In addition, physiological measurements have only been correlated 
with QBA in pigs (F. Wemelsfelder, pers. comm.) but not in sheep.   
This literature review will introduce the basic concepts of animal welfare, how 
welfare is assessed, the range of available measures, and finally concentrate on QBA 
and its potential application in industry-relevant scenarios particular to sheep   2 
production.  Specific stressors such as transport and nutrition will be covered in more 
depth in the relevant chapters. 
 
1.1.  Animal Welfare 
Livestock production is a significant industry for Australia and will be 
influenced by the forecast rise in global per capita consumption of meat and dairy 
products.  However, the demand for livestock products may be modified by societal 
concerns for both the environment and animal welfare.  Over the last five decades, such 
concern about the treatment of animals has led to the development of the science of 
animal welfare, and the values that society attaches to livestock shape the way the 
animals are treated (Hodges, 2005).  Animal welfare surfaced as a ‘formal discipline’ 
with the publication of the Brambell report in the UK on the welfare of farm animals 
(Brambell Report, 1965).  It stated that:  
“Welfare is a wide term that embraces both the physical and the mental well-
being of the animal.  Any attempt to evaluate welfare, therefore, must take into account 
the scientific evidence available concerning the feelings of animals that can be derived 
from their structure and function and also from their behaviour” (Brambell Report, 
1965).   
The concept of welfare is broad, thus a set of provisions called the five freedoms 
was developed as a standard for good farm animal welfare.  These state that animals 
should be i) free from hunger and thirst; ii) free from discomfort; iii) free from pain, 
injury and disease; iv) free to express normal behaviour; and v) free from fear and 
distress.  This was a major step forward in animal welfare because animals were now 
being acknowledged as ‘sentient’ (Carenzi & Verga, 2009).     3 
Since the development of the five freedoms, there have been many attempts to 
define animal welfare in order to measure it.  For example, Fraser & Broom (1990) 
define animal welfare as ‘the state of an animal as it attempts to cope with its 
environment’, Barnett & Hemsworth (1990) and Moberg (1993) defined animal welfare 
in terms of the ability to cope physiologically; the New Zealand Animal Welfare Act 
(Anon, 1999) defines it as a lack of unreasonable or unnecessary pain and distress, 
whilst Duncan & Petherick (1989) suggest that animal welfare is dependent upon the 
cognitive needs of the animals, and Dawkins (1990) states that animal welfare involves 
the subjective feelings of animals.  Combining these definitions together, animal welfare 
involves the physical and mental aspect of the animal, such as health and emotion, as 
well as the animal’s physiology and its interaction with its environment.  An important 
fact to remember is that animal welfare is about both positive and negative mental state 
(Sandoe & Simonsen, 1992; Keeling, 2009).   
There exists a wide range of indictors of animal welfare ranging from changes to 
the biological state of an animal, susceptibility to disease, to abnormal expression of 
behaviour, production and quality of meat, wool and eggs as well as the reproductive 
performance of animals.  For example, sheep kept at greater stocking densities have 
reduced growth rates compared to sheep kept at lesser stocking densities (Gonyou et al., 
1985), sheep with increased concentrations of the stress-related hormone, cortisol, have 
reduced wool growth, reduced staple-strength and increased fibre-shedding (Schlink et 
al., 2002), and wool production decreases in the presence of disease which in turn 
negatively affects the welfare of the animal (Marshall et al., 1991).  In other species, 
animal welfare is also linked with similar biological indicators, such that in situations 
where animal welfare is considered superior, the productivity of the animals is better.  
For example, the quality of pork meat increases in pigs with enriched environments 
compared to pigs in barren environments (Beattie et al., 2000), the quality of veal is   4 
better for calves housed as a group compared to calves housed in individual crates 
(Andrighetto et al., 1999), and egg production has been shown to decrease when the 
welfare of laying hens is considered poor, for example, when housed in cages (Appleby 
& Hughes, 1991; Tauson, 2005).   
Increased growth rate in broiler chickens leads to increased leg disorders which 
result in reduced ability to walk, and increased milk production in cows has been 
associated with increased lameness and mastitis (Broom & Corke, 2002).  In sheep, the 
presence of stress reduces the response to pathogens compared to unstressed animals 
(Dwyer & Bornett, 2004).  Therefore, disease and the physical condition of an animal 
can be a sign of reduced welfare.   
Reproductive performance also decreases when the welfare of animals is 
compromised (Dobson & Smith, 2000).  In sheep, greater stocking densities, transport 
and sub-optimal housing conditions result in lower reproductive rates in ewes (Bush & 
Lind, 1973; Ehnert & Moberg, 1991; Sabrh et al., 1992).  However, poor diets (Hocking 
et al., 2002) and season (De Rensis & Scaramuzzi, 2003) may reduce productivity or 
reproduction without welfare problems, so it is important to be able to determine what 
factor is impacting on the welfare of the animal.   
Changes to normal patterns of an animal’s behaviour are a common sign of an 
altered welfare state, and are useful reflections of welfare state since they are non-
invasive and immediate (Dawkins, 2004).  This may be altered frequency of normal 
behavioural patterns or indeed the display of abnormal behaviour.  Examples of 
behavioural indicators of poor welfare include bar biting in sows, tongue rolling in 
cattle, feather pecking in hens, wool eating in sheep, and tail and ear biting in pigs 
(Edwards, 2009).   
Assessing the welfare of animals can be useful to examine the effects of different 
husbandry practices, influence of resources and of new legislation, and to identify   5 
welfare risks (Main et al., 2003).  However, there are significant challenges associated 
with measuring the welfare of animals in the care of humans.  As both physical and 
psychological factors can impact on the well being of an animal, one can expect to find 
multiple indicators when welfare is compromised.  Determining the criteria for when an 
animal is experiencing a period of negative or positive welfare is a complex task.  The 
most common aspects of welfare assessment involve measurements of the physical state 
of the animals, the physiological responses and the behaviour of the animals in question. 
 
1.2.  Stress 
The presence or absence of ‘stress’ may be a reliable indicator of animal welfare 
(Mench, 2000).  Stress is the biological response elicited when an individual perceives a 
threat to its homeostasis (Mench, 2000), usually resulting in an adverse consequence 
(Broom, 2005).  Stress can persist for a short period of time (acute stress), such as 
during transport, or can persist for a longer period of time (chronic stress), such as 
prolonged under-nutrition.  During chronic stress, an animal may be unable to return to 
homeostasis (McEwen & Wingfield, 2003).  Chronic stress can result in reduced 
reproductive function, impaired body and wool growth, reduced meat quality, reduced 
immune function, and greater parasite burdens in sheep (Dwyer & Bornett, 2004).   
Stress involves three factors for the animal – 1. the recognition of the stressor, 2. 
the biological defence against the stressor (the CNS develops a biological response or 
defence that is a combination of the four general biological defence responses: 
behavioural, autonomic nervous system, neuroendocrine, and immune), and 3. the 
consequence of the stress response, which can be indicated by a change in behaviour 
(Moberg, 2000).  Animals have developed sophisticated behavioural and physiological 
mechanisms to minimise the stress of a particular situation because it is important for   6 
them to distinguish between non-threatening stressors and ones that adversely affect 
their welfare (Mench, 2000).  The cause of stress for animals can either be physical (e.g. 
hunger, thirst, fatigue, thermal) or psychological (e.g. handling, restraint, novelty) 
(Grandin, 1997), and responses to a particular stressor can be different for each 
individual animal because it depends on how that animal perceives the stressor, and 
interprets this stressor based on its prior experiences.   
In most cases, the behavioural response will be the first response of stress 
because it is the most biologically economical (Dantzer & Mormède, 1983; Moberg, 
2000).  For example, an animal can reduce or remove the threat by simply moving away 
from it.  Animals that are confined are unable to move away from the stressor, such as 
during transport, but it is still likely that animals may exhibit behaviour that indicates it 
is experiencing stress or discomfort.  It is this behaviour that can be hard to read in some 
species.  For example, our close relationship with dogs enables us to read their 
behaviour to some extent.  However, our relationship with sheep is generally not so deep 
and their social behaviour as herd animals makes their behaviour more difficult to 
interpret.  Therefore, traditionally, measures of physiological responses have been used 
to assess stress in sheep. 
The physiological responses of animals trying to cope with their environments 
that can be measured include heart rate, body temperature, and hormone concentrations 
in the blood (Blokhuis et al., 1998).  The standard approach is to measure the activity of 
the hypothalamic-pituitary-adrenal (HPA) axis (Mormède et al., 2007), which involves 
the slow release of glucocorticoids (Mitchell et al., 1988; Trunkfield & Broom, 1990; 
Nwe et al., 1996).  These in turn can affect behavioural attitudes, and changes in 
behaviour can modify endocrine status (Dantzer & Mormède, 1983).   
Different stressors can elicit their own unique biological response (Moberg, 
1985).  For example, Parrot et al. (1994) found that a number of stressors increase   7 
plasma cortisol concentrations but of those tested, only transport increased prolactin 
concentrations.  Also, responses to a particular stressor can be different for each 
individual animal based on its own unique biological make-up and past experiences.  
The careful selection of variables to be used with respect to the context is therefore 
important.  For example, reduced life expectancy is difficult to measure in production 
animals destined for the slaughter house and would be meaningless in measuring 
welfare in animals in a transport situation.  More appropriate measures to investigate the 
short-term effects of transport could include vocalisations and heart rate.  It would be 
possible to measure medium-term effects, such as disease incidence or suppression of 
normal behaviour in animals that were confined for a period of time.  It is important that 
the assessment of animal welfare includes combined measurements of both subjective 
and objective methods, such as, the physiological and behavioural responses of the 
animal (Fitzpatrick et al., 2006). 
 
1.3.  The use of physiology in welfare assessment 
Sheep are generally stoic animals, and therefore do not show obvious behaviour 
that indicates their emotional state.  As a prey species there would be an evolutionary 
advantage for sheep not to show overt signs of a negative welfare state or other 
vulnerability when there is potential danger or harm.  Due to their nature, therefore, it is 
thought that human observers do not have the ability to identify behavioural indicators 
of emotional state in sheep and therefore objective methods are required to assess the 
welfare of sheep (Fitzpatrick et al., 2006).  Objective measures of welfare, in a number 
of different species, have included physiological variables such as heart rate and heart 
rate variability, body temperature, haematological variables, and HPA outputs (hormone 
and metabolite concentrations).     8 
Probably the most common physiological measurement of stress is the activation 
of the HPA axis.  The HPA axis consists of the hypothalamus, the pituitary gland and 
the adrenal glands, and it is a major part of the neuroendocrine system that controls 
reactions to stress.  The hypothalamus produces corticosteroid releasing hormone (CRH) 
which stimulates the pituitary gland to release adrenocorticotropic hormone (ACTH) 
which acts on the adrenal gland to release cortisol (Kilgour & De Langen, 1970; Pearson 
et al., 1977; Fulkerson and Jamieson, 1982; Djordjevic et al., 2003; Henry et al., 2010) 
(Figure 1.1).   
HPA activity can be determined by measuring CRH, ACTH or plasma cortisol 
concentration.  Cortisol is released in a pulsatile fashion, with greater concentrations 
observed in the morning for diurnal animals, such as sheep (McNatty et al., 1972; 
Mormède et al., 2007).  Cortisol enables an animal to resist physiological shock more 
easily (Buckle, 1983) and is necessary for the animal to respond to stress (New et al., 
1996).  The measurement of HPA axis stimulation via hormone measures is subject to 
two major issues.  Many stimuli that are considered to be stressors activate the HPA axis 
(Lay et al., 1996; Djordjevic et al., 2003; Mormède et al., 2007), including 
psychological factors, such as novelty (Dantzer & Mormède, 1983), which results in 
increased secretion of glucocorticoids (such as cortisol and corticosterone) from the 
adrenal gland (Buckle, 1983; Henry et al., 2010).  ACTH and cortisol have been shown 
to increase during transport in goats (Nwe et al., 1996), sheep (Orihuela et al., 2002) and 
cattle (Kenny & Tarrant, 1987; Ramin et al., 2007).  However, increases in these 
hormones have also been seen in response to the presence of humans (Hargreaves & 
Hutson, 1990), during physical restraint (Jephcott et al., 1986), in response to the 
anticipation of food (Stull & Rodiek, 1988), during sexual excitement (Colborn et al., 
1991), or exercise (Mason et al., 1973), and are also influenced by sex and age (Van 
Cauter et al., 1996), novelty of the situation (Pfister, 1979), experience (Mormède et al.,   9 
2007), and method of sampling (De Silva et al., 1986) and after they were handled 
(Hemsworth et al., 1986).  This can confound the interpretation of any elevated 
concentrations.   
A second issue with interpreting HPA axis hormones is, even though 
glucocorticoid release occurs a few minutes after the start of a stressful event and 
persists for about an hour after the end of the stressor (Mormède et al., 2007), plasma 
cortisol concentration can take 10 minutes to reach its peak after the start of a stressor 
(Kent & Ewbank, 1983; Lay et al., 1992).  Therefore, it is easy to miss the response of 
the HPA axis to a stressor if the measurements are not carried out at the correct time.   
During periods of exercise or stress, there is increased need for glucose 
(McDowell, 1983), because of the associated increase in heart rate and blood pressure.  
This stimulates glycogenolysis (the splitting of glycogen to form glucose) (Knowles & 
Warris, 2000).  Plasma glucose concentration increases significantly in transported 
calves, cattle and goats, and decrease rapidly after transport (Kent & Ewbank, 1983; 
New et al., 1996; Maejima et al., 2006; Ramin et al., 2007).  This increase is due to an 
increase in corticosteroid concentration, which increases heart rate leading to an increase 
in glycogenolysis.  Mormède et al. (2007) reports that glucose concentrations can be 
influenced by cortisol secretion.  An increase in plasma glucose concentration occurs 
within minutes of glycogenolysis and provides a useful measure of stress; however, 
glucose has a relatively short half-life in the blood, therefore glucose concentrations are 
more useful in short term stress (Knowles & Warriss, 2000).   
   10 
 
Figure 1-1.  The hypothalamic-pituitary-adrenal axis and the interaction with the 
sympathetic nervous system. 
The interaction of hormones and the effects on target organs. 
 
Heart rate (HR) is also an indicator of stress.  HR in sheep can change during 
isolation, transport, the presence of a human or dog, or a change in environment such as 
a new location or entering a new flock (Baldock & Sibly, 1990; Schmidt et al., 2009).  
The benefit of measuring HR during a stress response is that HR can change within 1 or 
2 heart beats (von Borell et al., 2007b).  An increase in HR can be due to an increase in 
sympathetic activity or a decrease in parasympathetic activity or from simultaneous 
changes in both regulatory systems (Mohr et al., 2002).  As both systems can either 
work synchronously or independently, resulting in constant changes in HR which are 
necessary to cope with the functioning of the animal, it is difficult to assess the   11 
regulatory characteristics of the autonomic nervous system solely with a measure of HR.  
For example, psychological states may have an influence of both the sympathetic and 
parasympathetic nervous systems without any measurable changes in HR.  Also, the 
overall effects of a change in heart rate are short lived and can be missed if not 
measured at the correct point in time.  In addition, Baldock & Sibly (1986) found that 
HR can vary within and between individuals, finding that during normal undisturbed 
behaviour the HR of sheep had a range of 17 beats per minute (bpm), whilst between 
individuals it varied by 15 bpm.  Thus, with such a large range within and between 
individuals, and the possibility of not detecting changes in actual HR, careful 
consideration is needed when interpreting HR data.  Therefore, heart rate variability 
(HRV) is often used and is measured by determining the constantly changing temporal 
distance between succeeding heart beats (R-R intervals) (Mohr et al., 2002).   
The most useful measure of HRV is the formula of standard deviation (SDNN) 
which can be applied to durations of individual intervals (Malik, 1997).  HRV is one of 
the most non-invasive measures of the functioning of the autonomic nervous system 
(von Borell et al., 2007a) and has been used as an indicator of stress in farm animals 
(Korte et al., 1999; Mohr et al., 2002).  Désiré et al., (2004) found that HRV of lambs 
was increased in the presence of a novel object but did not find a decrease in HR.  
Désiré et al., (2004) suggests that increased vagal activity resulted in increased HRV but 
simultaneous activation of the sympathetic nervous system prevented the HR from 
increasing.  Changes in HRV have also been found in horses and calves under stress 
(Visser et al., 2002; Mohr et al., 2002), and during transport (Ohmura et al., 2006).  
However, HRV can also differ within and between individual animals depending on 
their temperament or the environmental factors influencing their response to a stressor. 
Body temperature may also be used to measure stress response in animals.  
Increases in heat production in the absence of physical activity or increased diet reflect   12 
to increased activity of the sympathetic nervous system due to the presence of a stressor 
(Sjaastad et al., 2003).  For example, core body temperature of sheep increases during 
transport and remains elevated for several hours (Parrott et al., 1999; Ingram et al., 
2002).  However, fluctuations of 0.5 – 1.0 
oC in core body temperature over a 24 hour 
period are common (Sjaastad et al., 2003), and the body temperature of diurnal animals, 
such as sheep, is lowest at night and early in the morning and increases throughout the 
day.  These circadian patterns must be taken into account when using body temperature 
over a long period of time as an indication of a stressful event.   
Haematological variables have also been used to assess stress responses in 
animals.  Kent & Ewbank (1983) and Ramin et al. (2007) found that overall white blood 
cell (WBC) numbers increased in calves and cattle during transport.  However, not all 
stress responses result in an increase in WBC (Jones & Allison, 2007) and in most 
situations, the WBC count alone will not be sufficiently affected by stress to change.  
The initial response to stress by animals is the release of glucocorticoids which then 
results in a stress leukogram (changes in the proportions of different WBC) (Schalm, 
1980).  Increases in monocyte and neutrophil numbers, and decreases in lymphocyte and 
eosinophil numbers accompany a stress response (Jones & Allison, 2007), and have 
been observed in animals during transport (Murata et al., 1987; New et al., 1996).  A 
noteworthy finding within the WBC count is the neutrophil: lymphocyte ratio (N: L), 
especially in response to stress (Cole et al., 1997b).  Kent & Ewbank (1983) found that 
neutrophil numbers increased and lymphocyte numbers decreased in calves during 
transport.  Sutherland et al. (2009) also found that the N: L ratio was elevated in pigs 
during transport.  The normal N: L ratio in adult sheep is 1:2 but during stress the ratio 
can change to 2-3:1 (Jones & Allison, 2007).  Haematocrit concentrations also change 
with stress and have been shown to decrease in cattle after transport (Ramin et al., 
2007).  However, any stressful stimulus, such as handling an animal and drawing a   13 
blood sample, can activate the sympathetic nervous system to a varying degree causing 
mobilisation of RBC or WBC.  In addition, numbers of the haematological variables can 
differ between animals of the same breed due to sex, age, physical activity, posture, 
nutritional status, dehydration, blood loss, pregnancy, lactation state, altitude, and 
emotional state (Tuner & Hodgetts, 1959; Hall & Bradshaw, 1998; Sjaastad et al., 
2003).   
Despite the plethora of physiological variables available, there are a number of 
issues with measuring each one.  Therefore, it is important to measure a number of 
physiological variables to gain an overall picture of the physiology of the animal.  
Collecting the sample at the correct time is crucial, as well as minimising the effects of 
human presence and handling.  Also, physiological measures do not necessarily reflect 
the subjective experience of an animal, and it is sometimes difficult to correlate 
physiological measures with other manifestations of a stressor, such as behaviour 
(Panretto & Vickery, 1972; Wemelsfelder & Farish, 2004).  Thus, a multifactorial 
approach is considered more accurate, utilising both physiological and behavioural 
variables. 
 
1.4.  The use of behaviour in welfare assessment 
Assessment of behaviour as a measure of animal’s well-being has a number of 
advantages: behavioural assessment is non-invasive and also non-intrusive (Dawkins, 
2004), usually does not require specific equipment or training and importantly, reflects 
the motivation state of the animal.  Arguably, behaviour is the outward expression of the 
culmination of all physiological processes at that time and includes “the expression of 
emotions” (Darwin, 1872, cited in Dawkins, 2004).     14 
Behavioural observations can vary in importance, and the significance of 
behaviour is determined by the observer’s evaluation of the context in which it occurs 
(Paul et al., 2005).  Trunkfield and Broome (1990) consider behaviour to provide useful 
information concerning animal welfare, and that when behaviour differs from the norm, 
such as self mutilation, it may indicate that all is not well.  Behaviour is used widely in 
the assessment of pain (Rutherford, 2002).  For example, animals in pain may show 
abnormal posture or pain avoidance behaviour (Fitzpatrick et al., 2006).  Behavioural 
assessments of animals are probably the only useful tool available to stockmen (Kent, 
1997). 
Since animal welfare includes the expression of both physical and psychological 
aspects, understanding the subjective experience of animals through their behaviour is a 
logical first step in welfare assessment.  Investigating how animals distinguish and react 
to certain factors can indicate a range of emotions that are likely to occur in a species 
(Dantzer, 2002); however, emotions cannot be directly measured and knowledge of the 
range of emotions in animals is small yet expanding (Désiré et al., 2004; Bekoff, 2005).  
Emotion is the psychological and physiological reaction of an individual’s state of mind 
when interacting with biochemical (internal) and environmental (external) influences 
and is associated with mood, temperament, personality, disposition and motivation 
(Myers, 2004).  Emotion is an intense but short-lived response to an event and is 
materialised in specific body changes (Désiré et al., 2002).  There is ultimately no way 
to know if animals experience emotions similar to humans; however, brain chemistry 
and behaviour are similar in a large number of animals to humans, and therefore it is 
likely that animals feel as humans do, including both negative and positive emotions 
(Boissy et al. 2007).  Particular behaviour often occurs alongside particular emotional 
states (Paul et al., 2005).  For example, approach and avoidance behaviour can be used 
to gauge how unpleasant or pleasant a stimulus is; whilst freezing, attacking and   15 
exploratory behaviour can also indicate emotions to an object (Paul et al., 2005).  Vocal 
and facial expressions can also indicate emotions.  For example, white eye exposure in 
cattle may indicate a level of frustration mediated by sympathetic control of the eyelid 
(Sandem et al., 2002) and ear position in sheep can indicate their emotional state 
(Reafmann et al., 2009).   
Physiological measures of emotion often correspond to those commonly used in 
the study of stress (Paul et al., 2005).  Emotional evaluation offers the opportunity to 
assess subtle differences between animals.  In humans, emotions and their outcomes are 
multifaceted, comprising physiological, behavioural and subjective components (Smith 
& Lazarus, 1993; Lerner & Keltner, 2000).  Humans also have the capacity to convey 
their emotions verbally and can use facial muscles to convey their feelings (Paul et al., 
2005).  Désiré et al. (2002) believes that animals lack the verbal ability to state their 
emotion, so behaviour and physiology are the only available means to determine the 
emotional state of an animal.  . 
There is evidence that the behavioural and physiological responses of humans 
and animals are similar to certain stimuli (Dawkins, 1990).  This provides a bridge 
between our subjective world and theirs, and we can make inferences about their 
emotions through their behavioural expression (Watanabe, 2007).  Paul et al. (2005) 
believe that measuring emotional reactivity in animals has advantages over interpreting 
physiological (such as hormone concentrations) and behavioural (such as ethograms) 
measurements as it is based on how a person might feel in a similar situation.  However, 
people tend to be reluctant to discuss behavioural observations in terms of an 
individual’s perspective, such as subjective well-being or suffering (Wemelsfelder, 
1997; Paul et al., 2005).  They instead, describe behaviour in terms of its physical 
elements (Wemelsfelder, 1997), such as an ethogram, where the frequency of specific 
behaviour, such as resting, feeding, play or ruminating are documented over time.   16 
Comparing these time budgets when an animal is in a more natural state with those from 
another situation may help us understand the impact of any production system on the 
animal.  However, ethograms do not incorporate the emotional state of the animal, and 
measuring, for example, the activity level of an animal does not indicate whether that 
animal is highly active because it is anxious or because it is curious. 
Anthropomorphism is the attribution of human form or character to non-humans 
and is an important inclusion in the discussion of animal welfare.  Whilst most of animal 
psychology is anti-anthropomorphic, anthropomorphism is a central concept of animal 
welfare (Watanabe, 2007).  Wemelsfelder (1997) concurs with this and believes that 
anthropomorphism moves away from the quantitative ethogram and incorporates the 
dynamic and expressive nature of the behaviour.  Mellor et al. (2009) believe that 
anthropomorphism should be a part of animal welfare assessment because 
anthropomorphism is intuitive and empathetic.  They state that a behavioural test should 
maintain a balanced conceptual position, and should be animalcentric (understanding of 
some functional response of the animal to specific stimuli), anthropocentric (assessing 
behaviour with a certain human goal in mind), intuitive (emotional state and motivation 
of the animal understood through empathy), and empirical (data collected is objective) 
(Figure 1.2).  However, Mellor et al. (2009) also point out that being anthropomorphic 
assumes animals will like what people would like, which is sometimes true and 
sometimes not.  It is difficult to avoid being anthropomorphic; however, there seems to 
be little alternative when trying to assess the emotions of animals.  The interpretation of 
an animal’s behaviour requires some human understanding of the motivation for that 
species specific behaviour, and this cannot be regarded as a purely empirical measure.  
If there is sufficient agreement between observers as to the meaning of the behavioural 
patterns, then a consensus about the emotional state of the animal may be reached.  
However, it is important for us to acknowledge that the animal might not be feeling   17 
what we think it is feeling, but we would be ignorant if we did not consider that the 
experiences may be similar.  Human interpretation is important, but it is not the only 
measure of welfare assessment.   
 
Figure 1-2.  Schematic drawing of balanced conceptual positions for assessment of 
behaviour. 
Adapted from Mellor et al., 2009. 
 
1.5.  Qualitative Behavioural Assessment (QBA) 
In conventional behavioural assessments of animal welfare, quantitative 
measures are made in terms of what the animal is doing, such as movement of the ears 
or tail, or type of body posture, and the context in which the measurements are being 
taken is important.  However, current methods of measurement are not designed to 
describe behaviour in terms of an individual’s perspective (Wemelsfelder, 1997).  In 
addition, quantitative analysis may not be a good indicator of an animal’s welfare 
(Knowles, 1998).  For example, sheep after transport often do not rest, and appear ‘alert’ 
and ‘active’ (Knowles, 1998), and may be assigned high scores for locomotion.    18 
However, it is the way that they appear ‘active’ that is most informative; for example, 
high locomotion scores could be attributed to a sheep that is fearful and moving away 
from a stressor, or to a sheep that is exploring its surroundings (Wemelsfelder & Farish, 
2004).  Physiological measurements of animal welfare can similarly be ambiguous, 
resulting in a need for qualitative assessments of behaviour (Wemelsfelder & Farish, 
2004).  The relationship between behavioural assessment and a quantitative measure of 
clinical/health evaluation has also been investigated (Brscic et al., 2009).  There was a 
lack of significant correlation between the two measures; however, behavioural 
assessment was sensitive to factors that did not affect clinical measures. 
Qualitative behavioural assessment (QBA) is based upon the integration by the 
observer of many pieces of information from the animal (Wemelsfelder et al., 2000; 
2001).  In other words, QBA looks at ‘how’ the animal is behaving rather than what it is 
doing, and does this by looking at how the animal interacts with its environment 
(Wemelsfelder et al., 2001).  In addition, the behavioural expression of an animal is not 
static; it changes with time (Wemelsfelder, 1997).  Therefore, QBA is a dynamic 
process because the assessment is not just a snapshot in time but can be done over any 
time period (Wemelsfelder et al., 2000; 2001).  This allows QBA to also capture 
fluctuations in the behaviour of animals; for example, a ewe that has lost its lamb may 
be said to be ‘agitated’ and ‘distressed’ but when she has found her lamb she may be 
‘calm’ and ‘relaxed’ (Wemelsfelder et al., 2001).  QBA also takes into account the 
whole animal.  By focussing on the whole animal, behaviour is no longer just a physical 
movement but is evaluated in a larger context with expressive and psychological quality 
(Wemelsfelder 1997: 2007). 
QBA can use free choice profiling (FCP) to allow the observers to generate their 
own descriptive terms to describe the behavioural expression of the sheep 
(Wemelsfelder et al., 2001).  This allows observers to summarise all that they see in   19 
terms, which in their opinion, describe the animals’ behavioural expression 
(Wemelsfelder & Lawrence, 2001) and eliminates bias introduced by pre-determined 
descriptive term lists (Rousing & Wemelsfelder, 2006).  Observers then watch the 
behavioural expression of animals and score what they see on their own terms.  The 
scores are done on a Visual Analogue Scale.  Using such scales allows observers to 
quantify their behavioural assessments, which in turn allows them to compare between 
animals and develop behavioural assessment tools (Fitzpatrick et al., 2006).  
Wemelsfelder et al. (2001) found that when observers were asked to generate their own 
terms for 10 individual pigs, and then score a different set of individual pigs using their 
own terms, there was very high inter-observer reliability, they achieved significant 
agreement in their assessment of pig behaviour, and observers could repeat their 
assessment with high accuracy.  Rousing & Wemelsfelder (2006) found similar results 
of high agreement and reliability in a study on dairy cows.  In addition, QBA has also 
been used for the behavioural assessment of veal calves (Wemelsfelder et al., 2008), 
horses (Napolitano et al., 2008; Minero et al., 2009), poultry (Wemelsfelder 2007) and 
dogs (Walker et al., 2010).  Minero et al. (2009) also found meaningful relationships 
between the qualitative and quantitative measures in foals. 
QBA allows the use of descriptors that have expressive connotations (e.g. 
‘calm’, ‘anxious, ‘timid, and ‘confident’) and so it can be used to assess how an animal 
is experiencing a situation and directly evaluate its welfare (Wemelsfelder & Lawrence, 
2001).  Critics of the system argue that there are anthropomorphic connotations 
associated with the use of such terms. However, as Wemelsfelder (1997) points out, 
such terms incorporate the dynamic and expressive nature of the behaviour, and their 
use allows people with a less scientific vocabulary to describe what they see in terms 
they can understand. The statistical analysis of the data generated disregards the   20 
anthropomorphic connotations and sorts the terms into a relative rating between 
individuals or groups. 
Qualitative assessment can also capture fluctuations in behavioural expression 
that can be difficult to record (Wemelsfelder et al., 2001).  Other benefits include that 
QBA can be used on individual animals as well as on groups of animals, and it takes 
into account both positive and negative emotional states. 
The context in which the animal is viewed can often lead to thoughts of bias 
towards its welfare.  For example, an animal exhibiting the same behaviour in a green 
field or a concrete pen may be viewed as having better welfare in the green field.  
Wemelsfelder et al. (2009) conducted an experiment to test the theory of contextual 
bias.  They provided observers with video footage of pigs filmed with a neutral 
background and then edited in an outdoor pen scene and an indoor pen scene.  They 
found that perceived environmental background may have a small influence on the 
scores that the observers give the animals on each word but is unlikely to distort the way 
in which they characterise the behavioural expression of the animal.  Thus, QBA is 
sensitive to contextual bias but it does not weaken the reliability of the assessment. 
 
1.6.  General aims 
Even though stress has been extensively studied in sheep, the behavioural 
expression of sheep has not been well explored, especially in an industry situation such 
as transport.  In addition, despite validation of various physiological measurements, 
there is no consensus on which of the measurements holds more weight as an accurate 
indicator of welfare.  We have no ‘gold standard’ welfare indicator to use in validation 
work.  However, the use of qualitative behavioural assessment (QBA) has emerged as a 
useful tool to assess the well-being of animals and has been tested successfully in a   21 
number of species, but has not been tested in sheep.  QBA has also not been tested in an 
industry-relevant environment, such as transport.  The only validation of behavioural 
assessment using QBA together with physiological measurements has been carried out 
in pigs.  The aim of this thesis is to determine whether the behavioural expression of 
sheep can be interpreted using qualitative behavioural assessment, in particular during a 
stressful event such as transport, and whether physiological measurements of stress 
correlate with the behavioural observations.  The thesis will examine the behavioural 
and physiological responses of sheep to transport under a number of different conditions 
that are relevant to industry, such as novelty, environment, driving behaviour, and 
nutrition. 
The aims of this thesis are to determine:  
1.  If there is consensus in how observers use QBA terms to describe sheep 
behavioural expression 
2.  Whether sheep show different behavioural expressions during different 
transport conditions  
3.  Whether the behavioural expressions of the sheep correlate with physiological 
measures taken before and after transport. 
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Chapter 2.  General materials & methods 
 
The general materials and methods used in studies conducted as part of this thesis 
are described in this chapter.  Specific methods used in particular experiments are 
described in the relevant chapters.  All experimental procedures were reviewed and 
approved by the animal ethics committee at Murdoch University (Perth, Australia) and 
Curtin University (Perth, Australia), and the survey procedures were approved by the 
human ethics committee at Murdoch University (Perth, Australia). 
 
2.1.  Transport 
Sheep were transported within a single deck trailer, 2.03 m (W) x 3.55 m (L) x 
1.55 m (H) at a stocking rate of 0.45 m2 / head (commercial stocking rate is 0.25 m
2 / 
head for 50 kg sheep; Australian Government Department of Agriculture, Fisheries & 
Forestry, 2006); the larger space per animal was required to facilitate collection of 
adequate video footage of individuals.  The sides of the trailer had similar ventilation to 
commercial transport trucks in Western Australia with 10 cm metal slats interspersed 
with 10 cm spaces.  For each transport trip, sheep were loaded and transported at the 
same time of day.  Once all of the sheep were loaded, transport commenced within 10 
minutes.  Feed was withdrawn 16 hours prior to transport, however water was available 
continuously.  Departure was from the Murdoch University farm (32
o -04′ -32.31″ south, 
115
 o -50′ -27.03″ east, 27 m elevation).  The route taken during each transport trip 
included a mixture of main roads (speed limit 50 to 70 km/h) and highways (speed limit 
70 to 100 km/h) (Figure 2.1).  The length of the journey was approximately 65 km and 
90 minutes in duration.  The selection of roads was similar to those used during   23 
commercial transport to a local abattoir or shipping port, and included straight roads, 
curved roads, right and left turns, as well as stoping and starting at junctions and traffic 
lights.  The journey included roads with single and multiple lanes of traffic.  The driver 
was the same for all transport journeys.          24 
   
Figure 2-1.  a) Map of transport route from Murdoch University (Murdoch Drive, South Street, Ranford Road, Tonkin Highway, Thomas Road, 
Nicolson Road, Rowley Road, Kwinana Freeway, Roe Highway, South Street, Vahland Avenue, Leach Highway, North Lake Road, Farrington Road, 
Murdoch Drive).  b) Map of transport route in relation to Perth, and Fremantle, Western Australia which contains a major sheep export port.  Map 
courtesy of Google Maps, 2010.
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2.2.  Environmental measurements 
Ambient temperature and relative humidity on the trailer were recorded during 
transport using two data loggers (Onset HOBO H8 Pros, #H08-032-IS, OneTemp Pty 
Ltd, Australia) (Plate 2.1).  Each logger was positioned at sheep head height, with one at 
the front and one at the rear of the trailer.  The loggers recorded dry bulb temperature 
(ºC) and relative humidity (%) every 2 seconds throughout each transport journey.  Data 
were averaged over the first 40 minutes of each transport journey for analysis. 
 
Plate 2-1.  HOBO data logger 
Data loggers were attached to wooden boards that were fixed to the metal slats of the 
trailer, as shown  
 
 
2.3.  Core body temperature 
Sheep were surgically implanted with temperature loggers (iButtons, Maxim 
Dalla, Sunnyvale, CA, USA) 11 days before the commencement of each experiment.    26 
Loggers recorded every 2 minutes during the experiments.  After retrieval of iButtons at 
slaughter of the animals at an abattoir, data were downloaded using BoxCar Pro software 
(Onset Computer Corp, Massachusetts, USA).  The loggers were calibrated post retrieval 
against a high accuracy certified quartz thermometer (Quot 100, Heraeus, Hanau, 
Germany) in an insulated water bath over the range of 37 ºC to 41 ºC.   Accuracy after 
individual calibration was equal to 0.1 ºC.   
Six loggers with staggered start dates were used per sheep to provide continuous 
logging of core body temperature throughout the experiment.  The six loggers were 
taped together and dipped in several layers of biologically-inert wax (Elvax, Sasol Wax 
Pty Ltd, South Africa) for waterproofing and protection.  When completed, the logger 
unit had external dimensions of 50 x 20 x 15 mm and a mass of ~ 20 g.  Units were 
sterilised for 24 hours by immersing in 0.5% alcoholic chlorhexidine solution (100ml 
Chlorhexidine Gluconate (50 mg/ml), 150 ml sterile water and 750 ml 70% v/v ethanol) 
before implantation (Plate 2.2).   
All units were surgically implanted into the peritoneal cavity in the region of the 
right paralumbar fossa as described by Beatty et al. (2008).  Surgery was performed with 
the animals lying in left lateral recumbency.  Sheep were sedated with xylazine (Xylazil-
20®, Troy Laboratories, Australia) given intramuscularly (0.1 mg/kg), or as an epidural 
(0.01 mg/kg) made up to 1 ml with lignocaine hydrochloride (Lignocaine 20®, Troy 
Laboratories, Australia) administered into the lumbosacral space, and paralumbar nerve 
blocks provided regional anaesthesia (as described by Cakala, 1961).  The injection site 
was clipped and surgically prepared by scrubbing with Betadine scrub and wiping with 
ethanol.  A 20 gauge 1-inch needle was inserted into the epidural space and 5 ml 
lignocaine hydrochloride was injected above each transverse process and 7 ml injected 
below each transverse process at the 1st and 2nd and 3rd lumbar vertebrae.  Both 
methods gave sedation after 10 to 20 minutes.   27 
A 5 cm skin incision was made in the region of the right paralumbar fossa.  
Muscle layers were blunt dissected down to the level of the peritoneum and an incision 
was made in the peritoneum to allow for the temperature logger units to be inserted.  
Each unit was suspended from the peritoneal wall from the suture material which was 
incorporated in the wax coating.  The suture material was sutured in place as part of the 
muscle layer.  A continuous suture pattern using Ethicon Vicryl® (Johnson and Johnson 
Medical, Australia) was used to close the peritoneum and muscle layers.  A simple 
uninterrupted suture pattern using heavy non-absorbent Vetafil (0.4 mm diameter; 
Vetafil Bengen, Germany) was used to close the skin incision.  All sheep received an 
intramuscular injection of long acting penicillin (150 mg/ml procaine penicillin BP & 
112.5 mg/ml benzathine penicillin BP) (Norocillin LA, Norbrook Laboratories, 
Australia) for broad spectrum antibiotic cover and Carprofen (50 mg/ml) (Tergive 
injection ®, Parnell Laboratories, Australia) for analgesia, at the time of surgery.  
 The sheep were monitored carefully during recovery and housed in groups with 
access to hay and water.  Pelleted feed was available to the sheep approximately 4 hours 
after surgery.  The skin incision site was monitored daily for any signs of inflammation 
or infection, rectal temperatures were recorded to detect any signs of fever, and the 
rumen motility and feed intake of the sheep were monitored daily.  Loggers were 
retrieved at the completion of each study post mortem. 
In order to take into account circadian patterns of body temperature (Tcore), 
comparison of body temperature was carried out for the first 40 minutes of the 
experimental trip, and the same 40-minute period of a control (non-transport) day.  
Average and maximum Tcore were also calculated over 10 minute periods for the entire 
journey. 
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Plate 2-2.  Temperature loggers. 
Coated in biologically-inert wax and soaking in 0.5% alcoholic chlorhexidine solution. 
 
 
2.4.  Heart rate 
  Heart rate (beats per minute) was recorded every 5 seconds during transport trips 
using external heart rate monitors (Polar Equine S625X, Polar Electro Öy, Finland).  
These devices use harnesses specifically designed for sheep that fit around the thorax of 
each individual holding two electrodes close to the skin; heart rates are transmitted 
wirelessly and stored on a data logger kept within a pouch on the harness (Plate 2.3).  A 
5 x 5 cm patch was shaved to the skin just behind the left shoulder blade and at the 
elbow on the right hand side (Figure 2.2).  Water soluble lubricant was applied to each 
electrode and the positive electrode positioned at the left shoulder blade and the negative 
electrode positioned at the girth on the right hand side (minimum of 30 cm apart).  Heart 
rate monitors were fitted immediately after pre-transport blood sampling and were 
removed after post-transport blood sampling.  Heart rate data were downloaded onto a   29 
PC using the Polar IR Interface for USB port.  Average heart rate (HR; bpm) and heart 
rate variability (HRV; calculated as the standard deviation of beat-to-beat interval) 
(Malik, 2006; von Borell et al., 2007a) were calculated for 5-min intervals (to keep the 
interval for analysis constant), 10 to 5 minutes before departure and 5 to10 minutes after 
departure.   This window of time overlapped with the collection of video footage for 
QBA analysis. 
 
Plate 2-3.  Heart rate belt and watch 
   
 
 
Figure 2-2.  Positions for the Polar heart rate monitor electrodes on a sheep. 
 
2.5.  Blood collection and haematology 
Blood sampling was performed via jugular venipuncture immediately before and 
after each experimental transport trip, using a 30 ml syringe and 18 G needle.  Blood was 
then aliquoted into one lithium heparin tube (Becton Dickinson Pty Ltd, New South   30 
Wales, Australia) and two ethylenediaminetetraacetic acid (EDTA) tubes (Sarstedt 
Australia, Technology Park, South Australia, Australia) and the tubes were immediately 
placed on ice after collection.  
One EDTA and the lithium heparin tube were centrifuged at 2000 rpm for 15 
minutes and plasma removed and stored at -20 ºC within 1 hour after collection.  Lithium 
heparin plasma was used for assay of glucose and beta-hydroxyl-butyrate (β-OH).  The 
EDTA plasma was used for assay of cortisol, leptin, insulin and insulin-like growth 
factor 1 (IGF-1). 
The remaining EDTA tube was stored at 4 ºC for analysis of a complete blood 
count (CBC) within 24 hours after collection.  Variables measured include packed cell 
volume (PCV), total plasma protein (PP) and fibrinogen.  Haematological variables 
analysed using the Bayer Advia 120 Hematology System (with veterinary software) were 
white blood cell count (WBCP), red blood cell count (RBC), haematocrit (HCT), and the 
numbers of neutrophils, lymphocytes, eosinophils, basophils, and monocytes.  The 
proportion of neutrophils: lymphocytes was calculated for analysis since values for these 
cell types were auto correlated and the neutrophil: lymphocyte ratio is a common 
measure of ruminant stress (Jones & Allison, 2007).  
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2.6.  Hormone measurement 
  Plasma leptin concentration was measured in duplicate by a double-antibody 
radioimmunoassay (Blache et al. 2000). All samples were processed in a single assay 
and the limit of detection was 0.1 ng/ml. The assay included six replicates of three 
control samples containing 0.54, 0.97 and 1.85 ng/ml, which were used to estimate the 
intra-assay coefficients of variation of 5.1 %, 4.1 % and 3.9 %.  
  Plasma ACTH concentration was measured using a solid-phase 2-site 
chemiluminescent enzyme immunometric assay (Scott-Moncrieff et al., 2003).  The limit 
of detection was 5 pg/mL and a working range of 12-1250 pg/mL. 
Plasma insulin concentration was assayed in duplicate by a double-antibody 
radioimmunoassay (Tindal et al. 1978). All samples were processed in a single assay and 
the limit of detection was 0.5 µU/ml. Six replicates of three control samples containing 
10.62, 3.89 and 2.49 µU/ml were included in the assay and were used to estimate the 
intra-assay coefficients of variation of 3.9 %, 1.9 % and 5.4 %. 
Plasma IGF-I concentration was assayed in duplicate by double-antibody 
radioimmunoassay with human recombinant IGF-I (ARM4050, Amersham-Pharmacia 
Biotech, Buckinghamshire, England) and antihuman IGF-I antiserum (AFP4892898, 
National Hormone and Pituitary Program of the National Institute of Diabetes and 
Digestive and Kidney Diseases, California, USA) after acid-ethanol extraction and 
cryoprecipitation (Breier et al. 1991). All samples were processed in a single assay with 
a limit of detection of 0.05 ng/mL.  Two control samples containing 0.39 and 2.14 ng/ml 
were included in the assay and were used to estimate the intra-assay coefficients of 
variation of 7.3 % and 2.3 %. 
Plasma cortisol concentration was determined using a commercial 
radioimmunoassay kit (Clinical Assays™, GammaCoat™, Cortisol 125I RIA Kit, 
DiaSorin, USA). All samples were assayed in duplicate 25µL aliquots and run in one   32 
assay with a limit of detection of 3.5 nmol/L. The intra-assay coefficient of variation 
(CV) for samples containing 46.1 and 85.65 nmol/L was 5.0 % and 2.1 % respectively. 
Plasma glucose concentration was determined using a commercial kit (Olympus 
kit, Cat. No. OSR6121) run on an Olympus AU400 automated chemistry analyser 
(Olympus Optical Co. Ltd.). 
Plasma beta-hydroxy-butyrate concentration was determined using a commercial 
kit (Randox kit, Ranbut, Cat. No. RB1007) run on an Olympus AU400 automated 
chemistry analyser (Olympus Optical Co. Ltd.). 
 
2.7.  Statistical analysis (physiology) 
Repeated-measures ANOVA was used to compare between time points (Tcore: 
control days vs. transport days; blood variables: before vs. after transport) and between 
treatments.  Data were normally distributed.  A factorial ANOVA was used to compare 
between time points for HR (before vs. during transport).  Post hoc analysis was carried 
out using Tukey’s Honest Significant Difference (HSD) test.  Analyses were carried out 
using Statistica (StatSoft-Inc, 2001).  Samples taken before transport are not control or 
baseline measures, but are a reference for samples taken after transport. 
 
2.8.  Video recording  
  Video footage was recorded throughout transport using four digital Panasonic 
SDR-H250 camcorders fixed to the front and back of the transport trailer; above sheep 
head height, (approximately 1.6 m from the trailer floor) (Plate 2.4).  Mounting boards 
were constructed that included high density foam to absorb vibration from the trailer 
during transport and provide smooth video footage of the sheep (Figure 2.3).  One clip   33 
(20 to 60 seconds long) of each individual was chosen from each experimental journey.  
Clips were not chosen blind, i.e. the clips were chosen knowing which treatment the 
sheep had undergone.  Clips were chosen based on the visibility of the sheep’s face for 
the duration of the clip and when the trailer was in motion.  The clips were edited to 
mask out the background, which included the sides of the trailer and the landscape 
beyond, whilst individual focal sheep were highlighted by increasing the opacity of the 
surrounding animals in the same frame (Adobe Premiere Pro CS3 and Adobe After 
Effects CS3).  Sheep were identifiable by the number on their heart rate harness; 
however, this was not visible to the observers during the sessions and could only be 
determined by zooming in on the sheep using the Adobe editing software.  The clips 
were shown to observers in randomised order. 
 
Plate 2-4.  Digital video camera mounted onto trailer 
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Figure 2-3.  Schematic drawing of camera mounting for digital video camera 
 
 
2.9.  Qualitative Behavioural Assessment (QBA) - Observers and 
procedures 
Observers were recruited by advertisement on notice boards and through emails to 
staff and students at Murdoch University.  The free choice profiling procedure involves 
a minimum of 2 sessions (depending on the number of hypotheses being tested).  In 
session 1 (term generation) observers were instructed on term generation in the free 
choice profiling procedures for qualitative assessment (Wemelsfelder et al., 2001; 
Rousing & Wemelsfelder, 2006).  Observers were then shown 13 video clips of the 
experimental sheep demonstrating a wide range of behaviour.  The observers were not 
told of any experimental treatments.  These clips included some of the experimental   35 
clips mixed with others demonstrating the sheep in their home pen or transported under 
other experimental conditions (see Wickham et al., in prep).  After watching each clip, 
observers were given 2 minutes to write down any words that they thought described 
that animal’s behavioural expression.  There was no limit imposed on the number of 
terms an observer could generate, although terms needed to describe not what the animal 
was doing (i.e. physical descriptions of the animal such as vocalising, chewing, tail 
flicking), but how the animal looked (i.e. agitated, tense, calm).  Subsequent editing of 
the observer terms was carried out to remove terms which reflected non-emotional 
feelings (e.g. hungry, food seeking), whilst terms that were in the negative form were 
transformed to the positive for ease of scoring (e.g. ‘unhappy’ became ‘happy’).   
In sessions 2 and beyond (quantification) observers used their own descriptive 
terms as quantitative rating scales.  Terms were printed in a list, with each term attached 
to a 100 mm visual analogue scale ranging from minimum to maximum.   
TERM………… Min _________________________________________________ Max 
Observers watched the clips of individual sheep from the experimental transport 
trips and quantified each sheep for every term.  For further details of this methodology 
see Wemelsfelder et al. (2001) and Rousing & Wemelsfelder (2006). 
 
2.10.  Statistical analysis (QBA) 
The sets of scores for each observer were entered into a matrix in Microsoft 
Excel for each observer, with each matrix defined by the number of clips and the number 
of terms used by that observer.  Generalised Procrustes analysis (GPA) was used to 
analyse the observer matrices using a specialised software edition written for Françoise 
Wemelsfelder (GenStat 2008).  GPA computed the consensus or ‘best fit’ profile   36 
between all of the observers.  GPA does not use the terms as fixed reference points but 
rather the intersample distances used by each observer as the means of comparison.  
GPA assesses each observer matrix as a multidimensional configuration.  Each matrix 
has as many dimensions as it has terms, and the position of each sheep in this 
multidimensional space is defined by its scores.  GPA then matches all of the matrices 
together through a process of transformation (translation, rotation, reflection and scaling) 
while the relative intersample relationships within each configuration are maintained.  
The mean of all the transformed individual configurations is then taken, and this makes 
up the consensus profile.   
The Procrustes statistic indicates how well individual observer configurations fit 
the consensus profile (the percentage of variation explained between observers).  To 
determine the significance of the consensus profile (Procrustes statistic), a randomisation 
test is performed.  By analysing the data in a randomised form 100 times, GPA derives a 
‘goodness-of-fit’ statistic for a random association between matrices.  The significance 
of the Procrustes statistic is then compared against this randomised data by t test.   
The GPA analysis has now formed a multidimensional consensus profile between 
the observers; however, this is defined in terms of geometric properties and has no 
semantic connotations attached to it.  To make interpretation possible, the number of 
dimensions in the consensus profile must be reduced using principal components 
analysis (PCA).  PCA determines the principal axes of the consensus profile and how 
much variation between sheep is explained by each axis.  Depending on the number of 
dimensions determined, one or more two-dimensional plots are produced for all 
observers together that show the distribution of sheep along each axis (each axis 
represents a GPA dimension).  PCA then calculates how the coordinates of the 
consensus profile correlate with the coordinates of the individual observer matrices.  
These analyses result in a two-dimensional word chart produced for each observer for   37 
each of the GPA dimensions.  The terms that the observer has used to score the sheep are 
plotted along each axis depending on how they correlate with each GPA dimension.  To 
produce a list of words from all observers for each GPA dimension, all the terms for 
each observer that rank highly (>0.7 on GPA dimension 1, >0.5 on GPA dimension 2, > 
0.5 on GPA dimension 3) were listed and a count was produced for each term showing 
how many times the term has been used by all observers.  This procedure results in a list 
of words that can be interpreted to indicate a label for each GPA dimension.   
A two-dimensional chart is also produced from scores attributed to each sheep on 
each dimension.  Each sheep may be represented on the plot according to their scores for 
each GPA dimension.  To compare treatments, the GPA scores for each dimension were 
analysed using repeated-measures ANOVA (Statistica, StatSoft-Inc, 2001) with the GPA 
scores for each sheep for each treatment compared as the repeated-measures.  
Finally, comparison of physiology and QBA measures was carried out by 
determining how an individual’s scores on each GPA dimension correlated with its 
measured physiological variables.  A correlation matrix (Excel, 2003) was developed for 
the proportional changes for each of the blood sample measurements (after transport 
values divided by before transport values for each of the hormones, metabolites, and 
haematological variables), heart rate (values for 5 to 10 minutes after departure divided 
by values for 10 to 5 minutes before departure) and core body temperature (transport day 
values divided by control day values) as well as the scores for each GPA dimension.  
Critical values were applied according to the number of animals that were included in 
each analysis (fewer data were included for heart rate recordings due to difficulties with 
the recordings).   
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Chapter 3.  Qualitative behavioural assessment of 
transport-naïve and transport-habituated sheep 
 
3.1.  Introduction 
 
Assessment of animal welfare commonly includes the evaluation of both animal 
behaviour and physiology (Dawkins, 2004).  However, interpretations of animal 
behaviour have often been seen as anthropomorphic, whilst ‘objective’ methods such as 
physiology mostly fail to infer how an animal is feeling (Watanabe, 2007).  
Wemelsfelder et al. (2000) noted that it is important to have a measure that represents a 
holistic approach to animal assessment.  Qualitative behavioural assessment (QBA) has 
emerged as a method for quantifying the behavioural expression of an animal and it is 
expected that there would be meaningful associations with physiological variables, given 
that QBA is a whole animal approach (Wemelsfelder, 2007).  Previous QBA studies 
have shown that observers can reliably and repeatedly assess the behavioural expression 
of pigs (Wemelsfelder et al., 2000, 2001), cattle (Rousing & Wemelsfelder, 2006), 
horses (Napolitano et al., 2008; Minero et al., 2009), poultry (Wemelsfelder 2007) and 
dogs (Walker et al., 2010).  In these studies, observers were given the freedom to 
generate their own terminology to describe the behaviour of an animal (free choice 
profiling) and there was significant agreement between observers in the use of their 
terminology to quantitatively score the animals’ behavioural expression.  There are no 
published studies of QBA in sheep, and the application of this method to the transport 
environment is also novel.     39 
To interpret behavioural expression, it is useful to know how animal behaviour 
correlates with measures that reflect their physiological state, since most animal welfare 
measures have largely been derived from physiology (Grandin, 1997; Dwyer & Bornett, 
2004; Fitzpatrick et al., 2006; De la Fuente et al., 2007).  One previous study has 
compared QBA with the physiology of the animal (Wemelsfelder, Unpub. data), 
showing that, under a number of test situations, some physiological responses of pigs are 
significantly correlated with their behavioural expressions.  The present study expands 
the repertoire of physiological measures collected to compare with QBA assessments. 
It is difficult to assess stress behaviour in sheep, since they tend not to show 
outward vocal behavioural displays indicative of pain or distress (Knowles, 1998).  
However, sheep are intensely social animals and use an extensive array of visual and 
auditory communicatory signals and behaviour that may be considered a reflection of 
their condition (Cockram et al., 2004; Wemelsfelder & Farish, 2004).  Cockram et al. 
(1996) and Jago et al. (1997) reported differences in the behaviour of sheep and red deer 
during transport, especially at the start of the journey, including more adjustments to 
balance and a greater number of impacts and movements by animals. 
Transport is recognised as a stressful experience among animals (Fraser, 1979; 
Das et al., 2001).  Sartorelli et al. (2003) found that transport was more stressful than 
isolation in sheep.  Factors that have been identified to affect the welfare of animals 
during transport are loading and unloading (Parrott et al., 1998), stocking density 
(Knowles et al., 1998), temperature and humidity (Warriss, 1998; Fisher et al., 2004), 
vehicle characteristics and driving behaviour (Cockram et al., 2004; Broom, 2005), 
vibration, change in acceleration and cornering (Warriss, 1998; Cockram et al., 2004) 
handling, noise, prolonged standing, breakdown of social groups, unfamiliar mixing, 
unfamiliar smells, novel environment, hunger, thirst and fatigue (Warriss, 1998).  
Behavioural responses to measure welfare during transport have been recorded for cattle   40 
(Bisschop, 1961 ; Sutton et al., 1967), calves (Trunkfield & Broom, 1990), pigs 
(Stephens & Perry, 1990), sheep (Baldock & Sibly, 1990) and goats (Das et al., 2001).  
Trunkfied & Broom (1990) found that loading and unloading of sheep and calves was 
more stressful than the journey itself.  Kenny & Tarrant (1987) on the other hand, found 
that the journey was more stressful than loading and unloading for cattle.  The reactions 
of animals to transport are probably linked to their previous experiences of transport, or 
to their experiences of handling and loading before transport.  Broome et al. (1996) 
showed that sheep underwent the most stress at herding and loading of a 15 hour 
journey.  However, Cockram et al. (1996) found that the effects of loading were not 
consistent.  Hall & Bradshaw (1998) attribute this difference in findings to the different 
breeds of sheep used in each study. 
Exposing animals to a novel environment, such as transport for the first time, is 
known to lead to changes in emotional responses, such as fear or stress reactions 
(Stephens & Toner, 1975; Moberg & Wood, 1982; Boissy, 1995; Désiré et al., 2004), 
and are often used to assess how reactive an animal is.  Novelty can present itself in a 
number of ways to an animal.  A new object, a new type of feed, or a new experience, 
such as shearing or transport, may all be novel stimuli.  Novelty is a stressor in prey 
species because, in the wild, strange sights or sounds are often a sign of danger 
(Grandin, 1993).  Dantzer & Mormède (1983) attribute exposure to novelty as one of the 
most potent conditions leading to fear, and state that exposure to a novel environment 
can elicit a behavioural reaction similar to that induced by an electric shock.  Cockram 
et al. (2000) found that transport had a greater effect on the behaviour of sheep that were 
transported directly from a paddock as opposed to sheep that had previously been 
moved to an inside pen, and explained that by suggesting the sheep that had experienced 
prior handling in the movement to the inside pen were more habituated to a novel 
environment.  Chapple & Wodzicka-Tomaszewska (1987) found that feed intake in   41 
sheep was reduced when a novel food was offered in a familiar container, and that sheep 
previously kept on pasture took up to 3 days to start to eat hay when penned inside.  An 
animal which is familiar with a situation or procedure may have a different response 
from an animal encountering it for the very first time (Pfister, 1979).  Thus, transport 
frequently involves introducing an animal to a novel environment, which imposes a 
psychological stress (Trunkfield & Broom, 1990).  However, repeated exposure results 
in observably decreased behavioural reactions to a previously novel environment (Jones, 
1977). 
Habituation has been described as a gradual decline in behavioural response to a 
specific situation that previously provoked an observable behaviour (Inglis & Shepherd, 
1990).  Therefore, after a period of exposure to a repeated stimulus, the animal has a 
decrease in its response to the stimulus or stops responding completely.  However, 
animals do not habituate to procedures that are very aversive (Hargreaves & Hutson, 
1990; Fell & Shutt, 1986; Coppinger et al., 1991).  Habituation has been seen in a 
number of species including rats (Feigley et al., 1972; Leaton, 1981; Leussis & Bolivar, 
2006), fish (Laming & McKinney, 1990), penguins (Walker et al., 2006), bears (Jope, 
1985), humans (Koukounas & Over, 1993), cattle (Waynert et al., 1999) and sheep 
(Slee, 1972; Erhard et al., 2006).  Hargreaves & Hutson (1990) found that sheep 
repeatedly exposed to a handling procedure had a more rapid return to baseline plasma 
cortisol concentrations, showing that the stress response was reduced after repeated 
exposure.  Habituation to a stimulus does not occur if the animal was trained to respond 
to the stimulus by pairing it with reward or punishment; this is called extinction (Inglis 
& Shepherd, 1990). 
Habituation to complex stimuli may occur at the level of the brain where the 
animal still perceives the stimulus but chooses to no longer react to it (Rose & Rankin, 
2001).  This could be because the animal no longer perceives the stimulus as a threat.    42 
Habituation is important to animals because it allows them to filter out large amounts of 
information from their environment and ignore signals which are less important or 
irrelevant and focus on ones that are most important for survival.  In order for animals to 
become habituated to a specific stimulus or event, they need learn to recognise signals 
that indicate that event.  For example, the rattling of a bowl may indicate feeding time or 
the movement of sheep in the shed may indicate that shearing is about to happen 
(provided the animals have experienced feeding and shearing before).  Therefore, if the 
objective is to habituate the animal to a specific process, it makes sense that the animal 
needs to be habituated to all of the pre and post procedures association with the process. 
This study uses transport as a novel environmental challenge, since transport 
represents an emotional and physical stressor for the sheep.  Schmidt et al. (2010) found 
that transport-naïve horses elicited a stress response, with increases in cortisol 
concentrations and an increase in heart rate variability and the responses declined over 
repeated transport events. 
The purpose of the experiment was to: 
1.  Determine whether observers, using QBA, could distinguish 
between sheep that were naïve to transport and the same sheep 
once they had been habituated to transport based on their 
behavioural expression. 
2.  Determine whether observers’ behavioural assessments correlated 
with physiological measurements.   
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3.2.  Methods 
 
3.2.1.  Animals 
Fourteen Merino wethers (14 months of age; 46.4 ± 0.4 kg) were randomly 
selected from a transport-naïve flock at Muresk Institute, Curtin University, Western 
Australia.  The animals were housed in a group pen throughout the experiment.   
 
3.2.2.  Transport and environmental measurements 
Methods for transportation and environmental measures are described in detail in 
Chapter 2.  The responses of the sheep on their first exposure to transport (‘naïve’) were 
compared with a trip undertaken once they had become habituated to the transport 
conditions (their seventh 90-minute trip undertaken over 8 days).  The trips used to 
habituate the sheep to transport were similar to the experimental trips. 
 
3.2.3.  Physiological measurements 
Measurements were taken of core body temperature, heart rate and blood 
variables.  These measurements and statistical analysis are described in detail in Chapter 
2.  Data for core body temperature, heart rate and blood variables were normally 
distributed.  Average heart rate (HR; bpm) and HR were calculated for 5-min intervals 
10 to 5 minutes before departure and 5 to 10 minutes after departure. 
 
3.2.4.  Qualitative Behavioural Assessment (QBA) 
Video footage was recorded and subsequent editing was conducted as per the 
methodology described in Chapter 2.  Ten of the 14 sheep were clearly visible in the 
video footage from both the naïve and habituated transport trips.  Clips were not chosen   44 
blind, i.e. the clips were chosen knowing which treatment the sheep had undergone.  One 
clip (20 to 60 seconds long) of each individual was chosen from each experimental 
journey within the first 15 minutes after departure.  The unidentified 20 clips were 
shown to observers in randomised order. 
Each observer was required to attend 2 sessions (session 1 and session 2).  In 
session 2 (quantification) observers watched the 20 clips of individual sheep from the 
naïve and habituated transport trips and quantified each sheep for every term.  The 
observer scores were analysed using Generalised Procrustes Analysis (GPA).  A detailed 
description of the QBA methodology can be found in Chapter 2.  
 
3.3.  Results 
 
3.3.1.  Qualitative behavioural assessment 
Sixty-four observers were recruited; 20 male (31 %) and 44 female (69 %).  
Eighteen (28 %) could be classified as sheep experts (e.g. stock handlers, sheep 
researchers) whilst a further 14 (22 %) were completely inexperienced with sheep; the 
remaining 32 (50 %) observers had limited experience.  An average of 21 ± 7 words 
(range 9 to 43) was generated by each observer. 
The GPA consensus profile explained 53.03 % of the variation among the 64 
observers, and this differed statistically from the mean randomised profile (t99 = 87.5, p 
< 0.001).  The first four dimensions explained 42.6 %, 9.8 %, 8.2 % and 5.3 % of the 
variation between animals.  From these values, 3 main GPA dimensions were identified, 
because these dimensions accounted for most of the variation. 
Word charts were produced for each of the 64 observers.  The most frequently 
used words correlated with GPA dimension 1 were ‘calm’, ‘relaxed’, ‘happy’ and   45 
‘bored’ at one end of the axis, versus ‘anxious’, ‘nervous’, ‘worried’ and ‘agitated’ on 
the other end.  The most frequently used words for GPA dimension 2 were 
‘comfortable’, ‘tired’ and ‘confident’ on one end of the axis, versus ‘alert’, ‘anxious’, 
and ‘aware’ on the other end.  The most frequently used words for GPA dimension 3 
were ‘curious’, ‘alert’ and ‘aware’ on one end of the axis, versus ‘frightened’, ‘agitated’ 
and ‘afraid’ on the other end.  Table 3.1 gives a full list of terms for each dimension and 
indicates the number of observers that used each term. 
Positions of individual sheep on the three GPA dimensions are shown in Figure 
3.1.  There were no significant differences between naïve and habituated sheep on GPA 
dimension 1 (F 1, 9 = 3.26, p = 0.106) or dimension 3 (F 1, 9 = 0.58, p = 0.465).  However, 
naïve sheep received statistically different GPA scores on dimension 2 compared with 
habituated sheep (F 1, 9 = 9.01, p = 0.015); transport-naïve sheep were scored as more 
‘alert’, ‘anxious’, and ‘aware’, whilst habituated sheep were described as more 
‘comfortable’, ‘tired’ and ‘confident’.          46 
Table 3-1.  Terms with the greatest correlations with GPA dimensions 1, 2 and 3 of the 
consensus profile for transport-naïve and transport-habituated sheep.   
When a term was used by multiple observers, values in parentheses give the number of 
observers using that term. 
Low values   High values  
GPA dimension 1 (42.6 %)   
Calm (17), relaxed (12), happy (9), bored 
(9), comfortable (6), content (4), sleepy 
(3), quiet (2), at ease (2), steady (2), 
chilled out (2), sure (2), coping, 
peaceful, balanced, accepting, chilled, 
mellow, assured, settled, tired, at peace, 
confident, in control, reassured  
Anxious (17), nervous (12), worried 
(11), agitated (9), frightened (6), 
distressed (6), alert (6), scared (5), 
stressed (5), fearful (4), tense (4), 
concerned (3), apprehensive (3), alarmed 
(3), panicked (2), jittery (2), aware (2), 
perturbed (2), jumpy (2), distracted, 
flighty, attentive, disgruntled, intense, 
awake, startled, fretting, upset, terrified, 
wary, afraid, on guard, confused, 
defensive, looking for a way out, 
cautious, aroused, trapped, active, 
responsive. 
GPA dimension 2 (9.8 %)   
Comfortable (3), tired (2), confident (2), 
happy (2), scared (2), anxious (2), 
annoyed (2), content (2), angry, 
concerned, avoiding, restful, determined, 
placid, calm, pissed off, defensive, 
mischievous, fearful, resigned, irritable, 
grumpy, upset, assured, busy, panic, 
aloof, withdrawn, absorbed, quiet, 
weary, occupied.  
Alert (15), anxious (5), aware (5), 
curious (5), interested (4), watchful (3), 
confused (3), attentive (3), nervous (2), 
concerned (2), lost (2), observant (2), 
worried (2), frightened (2), awaiting, 
defensive, settled, thinking, expectant, 
inquisitive, defeated, wanting to escape, 
agitated, tense (2), penned, apprehensive, 
distressed, scared, bright, questioning, 
intrigued, afraid, cornered, dominant, 
definite, confident, fearful, wary, 
trapped.  
GPA dimension 3 (8.2 %)   
Curious (7), alert (6), comfortable (5), 
aware (3), interested (3), relaxed (3), 
wary (3), inquisitive (3), sure (2), content 
(2), stressed (2), observant (2), happy 
(2), calm (2), tense (2), watchful, 
expectant, stable, conscious, in control, 
enduring, quizzical, certain, pleasant, 
dominating, satiated, pleased, looking for 
escape, confined, mad, active, sleepy, 
surprised, nervous, concerned, resigned, 
hesitant, satisfied, worried, confident, 
purposeful.  
Frightened  (4), agitated (3), afraid (2), 
tired (2), scared (2), disturbed (2), 
nervous (2), worried (2), stoic, sad, 
distracted, puzzled, depressed, anxious, 
comfortable, sleepy, terrified, certain, 
enclosed, steady, calm, lethargic, on 
edge, annoyed, secure, despair, alert, 
stressed, resigned, concerned, tense.   47 
   
 
Figure 3-1.  Positions of transport-naïve and transport-habituated sheep on GPA dimensions 1 and 2 (a) and 1 and 3 (b).   
Each sheep is represented twice (numbers represent the sheep IDs), once as naïve (N) and secondly as habituated (H). 
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3.3.2.  Physiological measurements 
None of the measured physiological variables (Table 3.2) had values outside 
‘normal’ ranges (Teare, 2002).   
3.3.2.1.  Hormones, metabolites and haematological variables 
Mean plasma ACTH concentration in naïve sheep before and after transport was 
around twice that for the habituated sheep (treatment: p<0.001) and plasma ACTH 
values after transport for both the naïve and habituated sheep were around a third of 
‘before’ values (time: p<0.001).  Plamsa cortisol concentration was statistically greater 
in the naïve sheep before and after transport compared to the habituated sheep 
(treatment: p<0.01).  Plasma cortisol concentrations remained elevated for naïve sheep 
after transport but were 46 % less for habituated sheep after transport (treatment x time 
interaction: p<0.05).  Plasma IGF-1 concentration was 25 % less for the naïve sheep 
compared with the habituated sheep (treatment: p<0.001) and decreased by 
approximately 10 % after transport (time: p<0.01).  Plasma leptin concentration was also 
statistically less for the naïve sheep compared with the habituated sheep (treatment: 
p<0.001).  Plasma leptin concentrations in the naïve sheep did not statistically change 
after transport, but plasma leptin concentration was 14 % less after transport in the 
habituated sheep compared to before (time: p<0.001; treatment x time interaction: 
p<0.001).  Plasma glucose concentration was statistically greater for the naïve sheep 
compared to the habituated sheep (treatment: p<0.001).  There were no measurable 
differences in plasma insulin or β-OH concentration in the sheep between treatments or 
in response to transport. 
Haematocrit and red blood cell numbers were greater (10% and 6% respectively) 
in the naïve sheep compared to the habituated sheep (treatment: p<0.001 for each) and   49 
both were less (8% and 7.5%, respectively) after transport for both the naïve and 
habituated sheep (time: p<0.001).   
White blood cell count was 8% greater in naïve sheep compared to the habituated 
sheep (treatment: p<0.01) whilst basophils were 23 % less (treatment: p<0.01); however 
statistically significant treatment x time interactions (p<0.05) reflected an increase in 
white blood cell and basophil count after transport in the naïve sheep contrasting with a 
decrease after transport in the habituated sheep.  Eosinophil values were 30 % greater in 
the naïve sheep compared to the habituated sheep (treatment: p<0.001), and decreased 
by 33 % after transport (time: p<0.05).  Monocytes numbers were 29 % lower for the 
naïve sheep compared with the habituated sheep (treatment: p<0.01). The neutrophil: 
lymphocyte ratio had statistically significant treatment x time interactions (p<0.001); the 
neutrophil: lymphocyte ratio was double after transport in the naïve sheep (compared to 
a 50 % increase for the habituated sheep). 
 
3.3.2.2.  Heart rate and heart rate variability 
Heart rate was measured continuously throughout transport (Figure 3.2a) but due 
to poor contact and interference reliable data were not obtained for all transport-naïve 
and transport-habituated sheep; n=5 (naïve), n=9 (habituated).  Transport resulted in 
statistically elevated heart rates (bpm) for naïve sheep compared with the habituated 
sheep (treatment x time interaction: p<0.01) (Table 3.2).  Measurements taken 5 to 10 
minutes after departure were 42 % greater than a similar 5-minute interval before 
departure.  By contrast, in sheep habituated to transport, heart rate elevated only 6 % 5 to 
10 minutes after departure compared to the same 5 minute period before departure.  
Values before departure for both naive and habituated sheep were not statistically 
different (Table 4; post hoc analyses not shown).  In addition to elevated heart rate the   50 
heart rate variability (standard deviation of 5-second average beat intervals (SDNN)) 
increased by 137 % (5 to 10 minutes after departure) over pre-departure values in the 
naïve sheep compared with 15 % in habituated sheep, although these data were too 
variable to achieve statistical significance.   51 
Table 3-2.  Mean (± 1 SD) hormonal and metabolite variables for transport-naïve and transport-habituated sheep before and after transport. 
Statistically significant values are indicated in bold (*p<0.05, **p<0.01, ***p<0.005) 
HR & HRV (before): 10 to 5 min. before departure    Tcore (before): 40 min. at same time of day on non-transport day 
HR & HRV (during): 5 to 10 min. after departure    Tcore (during): 0-40 min. after departure 
  Naïve  Habituated  Treatment 
(Naïve vs. 
habituated) 
Time 
(Before  
vs. after) 
Treatment  
x time  
interaction 
GPA  
dimension  
1 
GPA 
dimension  
2 
GPA  
dimension 
3    Before  After  Before  After 
Hormones          Results of RM ANOVA p values  Correlation coefficients 
     [ACTH] (pg/ml)  387 ± 245  127 ± 50  201 ± 236  64 ± 51  <0.001  <0.001  0.773  0.027  -0.093  -0.143 
     [Cortisol] (ng/ml)  51.2 ± 27.1  50.0 ± 13.9  40.1 ± 24.3  21.4 ± 11.3  0.003  0.097  0.043  -0.152  0.022  -0.114 
     [IGF-1] (ng/ml)  31.4 ± 10.5  27.2 ± 10.7  40.7 ±13.8  36.8 ± 12.4  <0.001  0.008  0.882  -0.385 *  -0.001  -0.189 
     [Insulin] (µU/ml)  5.9 ± 1.8  6.4 ± 1.1  5.8 ± 1.2  5.8 ± 1.6  0.218  0.543  0.339  0.278  -0.157  -0.082 
     [Leptin] (ng/ml)  1.2 ± 0.3  1.2 ± 0.2  1.6 ± 0.3  1.4 ± 0.2  <0.001  <0.001  <0.001  0.034  0.261  -0.163 
Metabolites                     
     [β-OH] (mmol/L)  0.28 ± 0.06  0.28 ± 0.09  0.26 ± 0.06  0.24 ± 0.06  0.067  0.619  0.744  0.129  0.282  -0.099 
     [Glucose] (mmol/L)  4.76 ± 1.15  5.32 ± 1.35  3.91 ± 0.36  4.37 ± 0.66  <0.001  0.133  0.866  0.044  -0.012  0.217 
Haematological variables                     
     Haematocrit  0.39 ± 0.02  0.36 ± 0.02  0.35 ± 0.02  0.32 ± 0.02  <0.001  <0.001  0.583  -0.174  0.336  -0.017 
     Red blood cell (x 10
12/L)  10.12 ± 0.66  9.40 ± 0.65  9.58 ± 0.51  8.77 ± 0.46  <0.001  <0.001  0.571  -0.293  0.348  0.020 
     White blood cell (x 10
9/L)  8.10 ± 1.73  8.84 ± 1.79  8.04 ± 1.58  7.59 ± 1.60  0.009  0.438  0.007  -0.067  0.115  -0.108 
     Eosinophils (x 10
9/L)  0.33 ± 0.13  0.25 ± 0.11  0.24 ± 0.14  0.16 ± 0.10  <0.001  0.002  0.845  -0.124  0.104  -0.325 
     Monocytes (x 10
9/L)  0.11 ± 0.04  0.09 ± 0.03  0.24 ± 0.17  0.16 ± 0.10  0.002  0.065  0.371  0.262  -0.409 *  -0.089 
     Basophils (x 10
9/L)  0.026 ± 0.013  0.035 ± 0.012  0.042 ± 0.016  0.039 ± 0.014  0.007  0.323  0.017  -0.223  -0.296  -0.445 * 
     Neutrophils (x 10
9/L)  2.85 ± 1.67  4.80 ± 1.68  2.22 ± 0.82  2.90 ± 1.34  <0.001  <0.001  0.002  -0.193  0.513 *  -0.384 * 
     Lymphocyte (x 10
9/L)  4.91 ± 0.98  4.13 ± 1.06  5.70 ± 1.17  4.99 ± 1.22  <0.001  0.002  0.635  0.338  -0.542 **  0.138 
     Neutrophil: Lymphocyte  0.60 ± 0.37  1.24 ± 0.57  0.40 ± 0.15  0.62 ± 0.34  <0.001  <0.001  <0.001  -0.320  0.673 ***  -0.399 * 
  Before  During  Before  During             
     HR (bpm)  65.8 ± 7.29  112.9 ± 32.7  72.6 ± 18.5  77.2 ± 11.1  0.059  0.002  0.008  0.755 ***  0.163  0.056 
     HRV (SDNN) (ms)  61.6 ± 31.2  84.6 ± 40.6  62.3 ± 26.8  47.5 ± 24.7  0.133  0.728  0.120  0.766 ***  -0.219  -0.038 
     Tcore average (ºC)  39.29 ± 0.17  40.00 ± 0.24  39.36 ± 0.16  39.50 ± 0.17  <0.001  <0.001  <0.001  0.417 *  0.390 *  -0.125 
     Tcore maximum (ºC)  39.36 ± 0.18  40.16 ± 0.24  39.48 ± 0.19  39.62 ± 0.15  0.001  <0.001  <0.001  0.430 *  0.425 *  0.209   52 
3.3.2.3.  Core body temperature 
Core body temperature (measured continuously throughout transport; Figure 
3.2b) was statistically elevated in naïve sheep compared to when they had become 
habituated to transport (treatment: p<0.001 for both average and maximum Tcore) and 
was greater during transport compared to naïve and habituated reference group (non-
transport) days (time: p<0.001 for both average and maximum Tcore).   Average Tcore 
during the first 40 minutes of transport in the naïve sheep was 0.5 ºC greater than for 
habituated sheep during the first 40 minutes of transport (p<0.01) and 0.7 ºC greater than 
the naïve reference group sheep (p<0.01) (Table 3.2; post hoc analyses not shown).  
Maximum Tcore for naive sheep during transport was 0.5 ºC and 0.8
 ºC greater than for 
the habituated sheep and naïve reference group sheep, respectively.  This elevated body 
temperature in the naïve sheep during transport did not reflect ambient temperatures; the 
environmental temperature was lower during transport for the naïve sheep compared 
with the habituated sheep (Figure 3.3). 
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Figure 3-2.  Mean (± 1 SD) HR (a) and Tcore (b) of transport-naïve and -habituated sheep 
during transport (n= 6 naïve, n=8 habituated) 
a) SD bars indicate heart rate variability; shaded areas show the 2 time periods where 
statistical comparisons were made: -10 to -5 minutes (before), 5 to 10 minutes (during 
transport).  b) Mean Tcore of sheep during transport, and 3 days before the first transport 
trip (naïve reference group) and 1 day after the last transport trip (habituated reference 
group).  
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Figure 3-3.  Mean (± 1 SD) Tcore of transport-naïve and -habituated sheep and Ta of the 
truck during transport. 
 
3.3.3.  Correlation of changes in physiology with behaviour 
Correlations were observed between the GPA scores and plasma IGF-1 
concentrations, neutrophil: lymphocyte ratio, monocyte and basophil numbers, HR, 
HRV, and Tcore (Table 3.3).  Changes in HR and HRV both correlated positively with 
GPA dimension 1 (p<0.001) while changes in plasma IGF-1 concentration correlated 
negatively with GPA dimension 1 (p<0.05).  Therefore, sheep described as more 
‘anxious’, ‘nervous’ and ‘worried’ had increased HR and HRV during transport and 
decreased concentrations of plasma IGF-1. Changes in average and maximum Tcore both 
correlated positively with both GPA dimension 1 and 2 (p<0.05).  Therefore, sheep that 
were described as more ‘alert’, ‘anxious’, ‘aware’, ‘nervous’ and ‘worried’ also 
exhibited elevation in Tcore.  Change in the neutrophil: lymphocyte ratio correlated 
positively (p<0.001) and changes in monocyte numbers correlated negatively (p<0.05) 
with GPA dimension 2, indicating that sheep described as more ‘alert’, ‘anxious’ and 
‘aware’ also showed increased numbers of neutrophils and decreased numbers of 
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lymphocytes and monocytes.  The change in neutrophil: lymphocyte ratio was also 
negatively correlated (p<0.05) with GPA dimension 3, along with changes in basophil 
numbers (p<0.05).  Therefore, on GPA dimension 3, sheep described as ‘curious, ‘alert’ 
and ‘comfortable’ had more basophil and neutrophil numbers and showed a reduction in 
lymphocyte numbers. 
 
Table 3-3.  Correlation coefficients (r) for the relationship between change in physiological 
measures (after/before) and the GPA dimensions.  
Statistically significant values are indicated in bold (*p<0.05, **p<0.01, ***p<0.005).  
Critical values: r18 (n-2) for all factors except r12 (n-2) for heart rate and heart rate variability.   
  GPA dimension 1  GPA dimension 2  GPA dimension 3 
     [ACTH] (pg/ml)  0.027  -0.093  -0.143 
     [Cortisol] (ng/ml)  -0.152  0.022  -0.114 
     [IGF-1] (ng/ml)  -0.385 *  -0.001  -0.189 
     [Insulin] (µU/ml)  0.278  -0.157  -0.082 
     [Leptin] (ng/ml)  0.034  0.261  -0.163 
     [β-OH] (mmol/L)  0.129  0.282  -0.099 
     [Glucose] (mmol/L)  0.044  -0.012  0.217 
     Haematocrit  -0.174  0.336  -0.017 
     Red blood cell (x 10
12/L)  -0.293  0.348  0.020 
     White blood cell (x 10
9/L)  -0.067  0.115  -0.108 
     Eosinophils (x 10
9/L)  -0.124  0.104  -0.325 
     Monocytes (x 10
9/L)  0.262  -0.409 *  -0.089 
     Basophils (x 10
9/L)  -0.223  -0.296  -0.445 * 
     Neutrophils (x 10
9/L)  -0.193  0.513 *  -0.384 * 
     Lymphocyte (x 10
9/L)  0.338  -0.542 **  0.138 
     Neutrophil: Lymphocyte  -0.320  0.673 ***  -0.399 * 
     HR (bpm)  0.755 ***  0.163  0.056 
     HRV (SDNN) (ms)  0.766 ***  -0.219  -0.038 
     Tcore average (ºC)  0.417 *  0.390 *  -0.125 
     Tcore maximum (ºC)  0.430 *  0.425 *  0.209 
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3.4.  Discussion 
 
This is the first time that Qualitative Behavioural Assessment (QBA) has been 
examined in the transport environment.  Despite a limited repertoire of behaviour 
exhibited by the animals (given the confined environment), observers using qualitative 
assessment of behavioural expression could still distinguish between sheep that were 
naïve and habituated to transport.  The study also showed that human observers could 
achieve consensus in their assessment of the behavioural expression of sheep, and 
certain physiological variables were statistically correlated with the QBA scores. This 
supports previous work in a variety of other species, where QBA has been tested under 
different experimental and on-farm conditions (Wemelsfelder et al., 2000, 2001; 
Rousing & Wemelsfelder, 2006; Napolitano et al., 2008; Minero et al., 2009).   
There was consensus between observers in regard to their scoring of the 
behavioural expression of the sheep, with the GPA consensus profile explaining over 
half the variation between the observer scores.  From the GPA consensus profile, it was 
possible to identify distinct clusters of words with similar meanings on the three GPA 
dimensions.  For example, ‘anxious’, ‘nervous’ and ‘worried’ are terms that indicate a 
similar body language and are distinct from ‘calm’, ‘relaxed’ and ‘bored’.  However, the 
term ‘alert’ appeared in more than one cluster of words (high values for GPA 2 and low 
values for GPA 3).   Some observers applied this term to sheep that were also described 
as highly curious and interested in their surroundings whilst others used it to describe 
sheep that were also scored highly for the terms worried and fearful.  This suggests that 
the term ‘alert’ is not definitive in being aligned with either the positive states described 
as ‘calm’, ‘relaxed’  and ‘bored’ or the negative states described as ‘anxious’, ‘nervous’ 
and ‘worried’.     57 
A significant finding of this study was that the relative position of sheep on GPA 
dimension 2 axis differed according to the treatment imposed, with the majority of naïve 
animals scored as being more ‘alert’ and ‘anxious’, but habituated animals scored as 
more ‘comfortable’ and ‘tired’.  It is possible that in the naïve sheep, ‘tiredness’ may 
have been masked in the ‘alert’ and ‘anxious’ states they exhibited.  However, this does 
support observations that animals (including sheep) can become habituated to transport 
(Grandin, 1997; Kent, 1997; Jacobson & Cook, 1998).  The scores for GPA dimension 1 
were also informative with naïve sheep being generally more ‘anxious’, ‘alert’ and 
‘worried’.  However, there was one sheep that did not follow the same pattern as others 
(#7).  Analysis of the data excluding this individual revealed that the relative position of 
naïve and habituated sheep on GPA dimension 1 would be statistically different 
(p<0.05).  The video footage available and selected to show to observers for this 
habituated individual was limited during transport; the sheep had his head down for the 
majority of the first 15 minutes (the timeframe within which the video footage was 
selected), and the clip subsequently available to show to observers was of short duration.  
This raises the important issue of collecting representative and informative video footage 
for analysis.   
The physiological variables selected for examination included those that have been 
shown by other authors to reflect a stressful environment for sheep.  This result may be 
due to the sampling method used (before and after transport blood sampling).  In the 
present study, the concentration of plasma ACTH was lower for sheep taken after 
transport compared with before.  Previous studies have reported increased plasma 
concentrations of cortisol and ACTH during the initial minutes of transport (Lay et al., 
1996; Smith & Dobson, 2002), with decreased cortisol concentrations recorded later in 
transport or after journey completion (Cole et al., 1988; Knowles et al., 1996; Broom et 
al., 1996; Lay et al., 1996; Knowles et al., 1997; Smith & Dobson, 2002).  A change in   58 
plasma ACTH concentration indicates activation of the hypothalamic-pituitary-adrenal-
axis and this is supported by changes in plasma cortisol concentrations, which were 
greater after transport in naïve sheep but lower after transport in habituated sheep.  The 
greater plasma ACTH values before transport may reflect the 10 to 15 minutes of 
handling where animals were moved through yards into a race to wait in line to be blood 
sampled.  Plasma ACTH concentrations were greater in the naïve sheep compare to the 
habituated sheep after transport suggesting a degree of sustained activation during 
transport in the naïve sheep.  Plasma cortisol concentrations were greater in the naïve 
sheep both before and after transport, supporting a sustained stress response in the 
former case.  Plasma cortisol concentrations dropped after transport in the habituated 
sheep, which may indicate habituation of the sheep to transport and subsequently reflect 
a decrease in the HPA response (Djordevic et al., 2003; Miller et al., 2007).   
Plasma glucose concentrations did not change statistically after transport but were 
statistically lower in sheep habituated to transport.  Naïve and habituated sheep were fed 
at the same time of day, and with the same amount, on the day prior to transport, and 
were not given access to food on the day of transport until after the experimental 
transport trip had been completed.  Therefore, it is likely that the energy balance of the 
naïve and habituated sheep on the two transport days were similar.  The absence of a 
change in glucose concentration before and after transport is probably due to the stress 
responses associated with handling, blood sampling and loading (Todd et al., 2000).  
The lower glucose levels in habituated sheep may indicate that they have become more 
habituated to the handling and blood sampling but these activities may still be stressful 
and are masking any physiological changes in glucose concentration due to transport.  
There were no statistical differences in plasma β-OH between the naïve and habituated 
sheep or before and after transport.   Plasma β-OH is usually present when glucose does 
not meet the energy requirements of the animal.  For example, plasma β-OH   59 
concentrations are more likely to increase in animals that are experiencing starvation 
(Leng & Annison, 1964; Vandermeerschen-Doise et al., 1983).  It is likely that the 
energy requirements of the sheep during the 90-minute transport trips were met, and 
therefore it is not unexpected that no changes plasma β-OH concentrations were 
observed.  Ramin et al. (2005) also found no correlation between glucose concentrations 
and β-OH in non-pregnant ewes. 
Elevated haematocrit and RBC count may reflect increased splenic contractions in 
response to novel or threatening processes (a sympathetic response).  In the present 
study, greater haematocrit and RBC count were recorded both before and after transport 
for the naïve sheep compared with the habituated sheep, and both variables decreased 
during transport.  Cockram et al. (1996) and Broom et al. (1996) similarly reported that 
habituation to transport resulted in decreases in haematocrit.  Knowles et al. (1993) 
reported decreases in haematocrit after transport but attributed this to recovery after an 
initial increase due to handling.  Since handling effects could not be isolated from the 
data, it is likely that both acute (i.e. elevated pre-transport values due to handling) and 
longer term responses (i.e. habituation to transport and therefore reduced sympathetic 
response) in haematocrit and RBC count were occurring.    
Both short- and long-term responses in white blood cells also appear to have taken 
place.  In terms of the acute response, the total numbers of white blood cells were 
statistically greater in the naïve sheep after transport, but were reduced in the habituated 
sheep.  Over the longer term, significant differences in numbers of white blood cell 
types between the naïve and habituated sheep were recorded (decreased eosinophil 
numbers and increased neutrophil: lymphocyte ratio, basophil and monocyte numbers), 
suggesting a prolonged physiological response to the experimental process (repeated 
handling and 7 transport trips over an 8 day period).  The elevated neutrophil: 
lymphocyte ratio during transport is a typical leukogram response to stress (Cole et al.,   60 
1997a).  The normal neutrophil: lymphocyte ratio should be 0.5:1 in adult sheep but 
reaches 2 to 3:1 (i.e. increase in neutrophil proportion and a decrease in lymphocyte 
proportion) when animals are challenged with a stressor (Jones & Allison, 2007).  In this 
study, the neutrophil: lymphocyte ratio was 0.6:1 and 0.4:1 for naïve and habituated 
sheep, respectively, before transport, but increased to 1.2:1 and 0.6:1 for naïve and 
habituated sheep, respectively, after transport.  Therefore, transport resulted in an 
increase in the neutrophil: lymphocyte ratio, a response that was most pronounced when 
the animals were first exposed to the transport environment.  This finding supports 
previous studies reporting elevated neutrophil: lymphocyte ratio due to transport 
(Murata et al,. 1987; Kegley et al,. 1997; Kannan et al., 2000).  These changes in blood 
cell variables indicate that the 90-minute transport event was associated with substantial 
physiological changes in the sheep. 
Heart rate increased for the transport-naïve sheep when they were first exposed to 
transport.  As the sheep became more habituated to this environment, their heart rate 
remained relatively constant during transport.  This suggests a reduction in stress 
associated with transport as a consequence of a learning process (habituation) and is 
supported by Jacobson and Cook (1998) who found that mean heart rate of 6 week old 
calves reduced with transport repetition.  Heart rate variability was not statistically 
different between treatments or before and during transport and this is possibly due to 
the large variability in these data coupled with an inability to use more powerful 
repeated-measures analyses due to missing data.   
Core body temperature for both naive and habituated sheep increased before 
transport during bleeding, preparation and loading.  However, the increase was greater in 
the naïve sheep compared to the habituated sheep.  The radiant heat load could have 
influenced core body temperature despite the similar ambient temperatures before 
loading.  Blood sampling, preparation and loading was performed undercover under   61 
similar conditions for both trips (i.e. the amount of shade did not differ before their first 
or last transport trip).  During transport, the Tcore remained elevated for both the naive 
and habituated sheep, only declining slightly towards the end of the transport trips 
(which was more pronounced for the naive sheep).   Stress hyperthermia has been 
demonstrated for sheep during shearing (Beatty et al. 2008) or exposure to a novel 
environment (Villalba et al., 2009).  Increased Tcore before transport, and a sustained 
elevation during transport, suggests that the sheep were responding to a physically 
demanding and stressful event.  This is consistent with other studies for sheep (Parrott et 
al., 1999) and cattle (Steinhardt & Thielscher 1999) showing an increase in body 
temperature during transport.  Other studies have found that Tcore increases immediately 
after the start of transport but can decrease (i.e. return to normal) during a single journey 
(Warriss et al., 1995; Lay et al., 1996; and Pettiford et al., 2008).  
Not all the physiological variables measured in this study were correlated with 
differences in behavioural expression.  Correlations between the physiological 
measurements and GPA dimensions were calculated using the change in the 
physiological measurement for each animal due to transport (i.e. after divided by before 
values for each trip).  If all individuals demonstrated a similar change in a physiological 
variable but different behaviour, then there would be no correlation between these 
measures.  Significant correlations with behavioural expression (GPA scores) are more 
likely for those variables where individuals have marked differences in their 
physiological response to a challenge (e.g. heart rate responses are often different 
between individuals of different temperament; Visser et al., 2002). 
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3.4.1.  Conclusions 
This study found meaningful associations between the QBA dimensions of the 
sheep’s behavioural expression and physiological variables (including those that have 
been interpreted as indicating stress in various animal species).  Sheep that were 
described as more ‘nervous’, ‘worried’, ‘alert’, ‘anxious’ or ‘aware’ demonstrated 
reduced plasma IGF-1 concentrations, an increased stress leukogram (i.e. elevated 
neutrophil: lymphocyte ratio, reduced monocyte numbers), and increased body 
temperature and heart rate.  These physiological variables, which have been associated 
with a stress response, varied in response to the short (90-minute) transport events.  
Furthermore, these physiological responses became blunted upon repeated exposure to 
the stimulus, i.e. habituation to transport (Grandin, 1997; Kent, 1997; Jacobson & Cook, 
1998).  This supports the possibility that physiology can be associated with the 
assessment of behavioural expression through qualitative measures and that QBA should 
assist in interpreting the holistic welfare state of sheep.   
In conclusion, observers could identify behavioural differences between sheep 
filmed during their first exposure to a novel transport environment from video footage of 
the same animals taken with they had become habituated to transport. In addition, this 
experiment demonstrated consensus in the interpretation by observers of behavioural 
expression of sheep during transportation.  The significant correlations between 
physiological responses and behavioural expression (QBA scores) suggest that the QBA 
process is a useful tool to assess sheep behaviour in response to exposure to a novel 
environment.  Further development of this method of behavioural assessment as an 
objective measure of animal welfare is recommended.   63 
Chapter 4.  Qualitative behavioural assessment of sheep 
during modified transport: altered ventilation, flooring 
and stop-start driving. 
 
4.1.  Introduction 
 
Methods to assess animal welfare have included both behaviour and physiology, 
and it is evident that no single method can be used alone (Dawkins, 2004).  However, 
interpretations of animal behaviour have often been seen as anthropomorphic and 
subjective, whilst more objective approaches, such as physiology, sometimes fail to 
infer how an animal is feeling (Watanabe, 2007).  Therefore, it is important to 
incorporate both behaviour and physiology in order to obtain an accurate overall 
impression of the animal.  Qualitative behavioural assessment (QBA) is one method that 
has expanded upon this whole animal approach.  QBA uses behavioural assessment of 
an animal to assess individual well-being (Wemelsfelder et al., 2000) and there is the 
capacity to correlate physiological data with these behavioural interpretations.   
In a previous study (Chapter 3), the use of QBA was investigated as a measure of 
behavioural expression of sheep that were naïve and habituated to transport.  The results 
of that study indicated that human observers were able to distinguish between sheep that 
were initially naïve and then habituated to transport based on their comparative 
behavioural expression.  There were also significant correlations between their 
behavioural expression and physiological responses measured before, during and after 
transport.     64 
During transport, however, sheep can be exposed to a number of other potential 
stressors besides the novel environment, including different environmental conditions 
(e.g. different degrees of ventilation), different physical conditions (e.g. flooring type, 
stocking density) as well as different driving conditions (e.g. smooth vs. erratic).  Lay 
(2004) points out that different stressors will have varying effects on the animals.  
Acceleration, braking, cornering and vibrations affect the movement of the vehicle and 
in turn the ability of the animals onboard to maintain their balance and posture 
(Cockram et al., 2004).  Cockram et al. (2004) found that more than 80 % of the losses 
of balance of sheep during a number of experimental transport trips could have been 
caused by a driving event.  Sheep had fewer losses of balance, increased lying 
behaviour, more rumination and fewer disturbances on a motorway journey compared 
with single carriageway driving, and that this was most likely due to fewer driving 
events occurring on the motorway (Cockram et al. 2004).  They also found that 
acceleration, braking, cornering, stopping, gear changing and uneven road surfaces all 
contributed to the loss of balance in the sheep.  However, it is worth noting that some of 
the above driving events can occur together, e.g. acceleration and gear changing, or 
braking and cornering, and that the chances of a sheep losing its balance increases with 
2 or more events occurring simultaneously.  Ruiz-de-la-Torre et al. (2001) found that 
sheep had greater concentrations of cortisol and increased heart rate when they were 
transported with frequent changes in acceleration compared with smooth roads with few 
changes in acceleration.  In Europe, drivers receiving bonuses in their pay for reducing 
fuel usage were found to drive more slowly and with more gentle accelerations, 
resulting in improvement in animal welfare such as decreased bruising and bone 
breakages (Greger, 2007). 
Even though there are many stressors that affect animals during transport, 
Kettlewell et al. (2001) states that the temperature within the vehicle poses the greatest   65 
threat to the animal’s welfare and that air movement providing convective cooling is 
important to remove heat and moisture.  Therefore, transport is regarded as both a 
physical and psychological stressor to livestock as it involves introducing the animal to 
a novel, often noisy environment, with mixing of social groups, food and water curfews 
and long periods of confinement. 
The aim of this study was to determine whether observers can distinguish between 
sheep that have been exposed to three different transport conditions; altered ventilation, 
flooring, and driving behaviour, based on the behavioural expression of the sheep during 
transport and whether the physiology of the sheep correlates with observers’ assessment. 
 
4.2.  Methods 
 
4.2.1.  Animals 
Fourteen merino wethers (14 months of age; 46.4 ± 0.4 kg) were randomly 
selected from a flock at Muresk Institute, Curtin University, Western Australia.  The 
animals were housed in a group pen throughout the experiment.  These animals were the 
same as those tested in the transport naïve vs. habituation study described in Chapter 3, 
and were therefore not transport naïve when used in this study.  Thus, they had been 
transported 7 times for 90 minutes over an 8-day period, by which stage they were 
designated habituated (Chapter 3).  Data derived from these animals during the 7
th trip 
were used for comparison with those accrued during the ventilation, slip-flooring and 
stop-start driving trips studied here.   
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4.2.2.  Transport and environmental manipulations 
The transport manipulations applied in this study were to compare sheep during trips 
with open ventilation vs. closed ventilation, non-slip flooring vs. slip flooring, and stop-
start driving vs. continuous driving.  Sheep were transported and environmental 
measurements taken as described in Chapter 2.  Between each treatment trip, sheep were 
transported twice, on two consecutive days, as per the habitation trip, to reinforce the 
predictability of transport treatments. 
 
4.2.2.1.  Habituated trip 
The sides of the trailer had similar ventilation to commercial transport vehicles 
in Western Australia with 10 cm horizontal metal slats interspersed with 10 cm spaces.  
The floor was covered with a steel grid of 10 mm steel rods, spaced square and 100 mm 
apart in both directions and placed directly upon the floor (and therefore was raised a 
maximum of 20 mm from the steel plate of the floor).  The grid covered the floor area of 
the trailer and provided a non slip floor.  The route taken was 65 km and included a 
period of continuous and smooth driving. 
 
4.2.2.2.  Closed ventilation trip 
During the closed ventilation trip, all sides up to the roof of the trailer were 
covered with clear polycarbonate sheets to minimise the amount of airflow into the 
trailer whilst travelling.  The sizes of the sheets were equivalent to the sizes of the sides 
of the trailer.  The roof of the trailer was covered during all transport events.  No other 
modifications were made to the trailer. 
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4.2.2.3.  Slip flooring trip 
  During the slip flooring trip, the metal grid was removed from the floor of the 
trailer and the floor was thoroughly cleaned with water, but was dried before sheep were 
loaded.  The ventilation and driving style were as for the habituation trips. 
 
4.2.2.4.  Stop-start driving trip 
During the stop-start driving trip, the sheep were subjected to stop-start driving 
at the same time point they would have experienced continuous driving during a 
habituated trip.  Starting from a stationary position, the vehicle accelerated to 60 km/h 
over approximately 24 seconds before continuing at that speed for 15 seconds.  The 
vehicle then decelerated to full stop over an approximate time of 13 seconds.  This was 
repeated 10 times.  This type of driving reflects part of the journey undertaken by sheep 
through built up areas with traffic lights.  The treatment was designed to reflect the route 
taken to the live export shipping docks at Fremantle, Western Australia.  The ventilation 
and flooring were as for the habituation trips. 
 
4.2.3.  Physiological measurements 
Measurements were taken from all 14 sheep of core body temperature, heart rate 
and blood variables.  These measurements are described in detail in Chapter 2.  Data for 
core body temperature, heart rate and blood variables were normally distributed.  
Average heart rate (HR; bpm) and HRV were calculated for 5-min intervals 10 to 5 
minutes before departure and 70 to 75 minutes after departure for the ventilation trip, 5 
to 10 minutes after departure for the flooring trip and 45 to 50 minutes after departure for 
the stop-start trip.  These time points after departure coincide with the time that the video 
clips for the behavioural assessment were chosen.   68 
4.2.4.  Qualitative Behavioural Assessment (QBA) 
Video footage was recorded and subsequently edited as per the methodology 
described in Chapter 2.  Ten of the 14 sheep were clearly visible in the video footage 
from both the naïve and habituated transport trips, thus these ten sheep were used in this 
study.  Clips were not chosen blind, i.e. the clips were chosen knowing which treatment 
the sheep had undergone.  One clip (20 to 60 seconds long) of each individual was 
chosen from each experimental journey during the last 15 minutes of the closed 
ventilation treatment trip, within the first 15 minutes after departure for the flooring 
treatment trips, and within the first 15 minutes of commencing the stop-start driving 
treatment.  Equivalent time points were selected from the habituated trip for comparison. 
Each observer was required to attend 4 sessions (session 1 to 4.  In session 2 
(quantification) observers watched 20 clips of individual sheep from the habituated and 
‘modified’ transport trips and quantified each sheep for every term.  The observer scores 
were analysed using Generalised Procrustes Analysis (GPA).  A detailed description of 
the QBA methodology can be found in Chapter 2.  
 
4.3.  Results   
 
4.3.1.  Qualitative behavioural assessment 
Fifty-seven observers, 17 male (30 %) and 40 female (70 %), were recruited for 
the study.  One male withdrew from the study for the flooring session and another male 
and 3 female participants withdrew from the study for the stop-start driving session.  An 
average of 21 ± 7 words (range 9 to 37) was generated by each observer. 
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4.3.1.1.  Ventilation treatment 
The GPA consensus profile explained 48.7 % of the variation among the 57 
observers for the ventilation study and this differed statistically from the mean 
randomised profile (t99 = 67.3, p < 0.001) indicating there was significant consensus in 
how the observers scored the sheep.  Three main GPA dimensions were identified and 
these explained 36.3 %, 15.6 % and 6.8 % of the variation between animals respectively.   
Word charts were produced for each of the observers.  GPA dimension 1 was 
characterised by terms such as ‘alert’, ‘anxious’, ‘responsive’ at one end of the axis and 
‘relaxed’, ‘calm’, ‘sleepy’ on the other end of the axis.  GPA dimension 2 was 
characterised by words such as ‘worried’, ‘frightened’, ‘nervous’ at one end and 
‘happy’, ‘alert’, ‘curious’ on the other end of the axis.  GPA dimension 3 was 
characterised by terms such as ‘curious’, ‘confused’, ‘flustered’ on one end of the axis 
and ‘frightened’, ‘nervous’, ‘stressed’ on the other end of the axis.  For a full list of 
terms for each dimension see Table 4.1. 
Positions of individual sheep (n=10) on the three GPA dimensions are shown in 
Figure 4.1.  There were no significant differences between sheep during the closed and 
open ventilation treatments on any of the dimensions (GPA 1: F 1, 9 = 0.09, p = 0.776; 
GPA 2: F 1, 9 = 0.10, p = 0.761; GPA 3: F 1, 9 = 0.72, p = 0.418). 
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Table 4-1.  Terms with the greatest positive and negative correlations with GPA 
dimensions 1, 2 and 3 of the consensus profile for the closed vs. open ventilation trips.   
When a term was used by multiple observers, values in parentheses give the number of 
observers using that term. 
 
Negative correlation   Positive correlation  
GPA dimension 1 (36.3 %)   
Relaxed (6), calm (4), sleepy (4), bored (3), 
comfortable (3), content (3), tired (2), 
quiet, doughy, resigned, settled, 
complacent, at ease, gentle, in control, 
steady, happy, pissed off, accepting 
 
Alert (7), anxious (6), responsive (4), 
restless (3), aware (2), interested (2), 
agitated (2), curious (2), nervous (2), 
attentive, annoyed, bothered, flustered, 
confused, on guard, bright, on edge, wary, 
tense, concerned, worried, apprehensive, 
lost, startled, stressed, scared, trying to find 
a way out, jittery, watchful 
GPA dimension 2 (15.6 %)   
Happy (13), alert (12), curious (7), 
confident (6), calm (5), aware (4), content 
(4), attentive (3), interested (3), inquisitive 
(3), comfortable (3), at ease (3), relaxed 
(3), dominant (2), bright (2),  sure (2), 
watchful (2), steady (2), watching, certain, 
wondering, awaiting, cool, balanced, 
authoritative, engaged, hungry, social, 
seeking distraction, restful, tolerating, 
responsive, collected, defensive, on guard, 
stable, tranquil, confused, peaceful, 
pleased, awake 
 
Worried (7), frightened (7), nervous (5), 
tired (4), scared (3), lonely (2), submissive 
(2), distressed (2), stressed (2), startled (2), 
sleepy (2), anxious (2), fatigued, 
apprehensive, doomed, lost, lethargic, 
overcome, wary, seeking comfort, 
cautious, defensive, trapped, confused, 
bored, flighty, terrified, panicked, despair, 
hopeless, seeking to escape, bewildered, 
tense, inhibited, irritated, oblivious, 
disorientated, exhausted, drowsy, 
concerned, frustrated 
GPA dimension 3 (6.8 %)   
Frightened  (2), nervous (2), stressed (2), 
tranquil, fed up, not fussed, exposed, at 
ease, calm, anxious, vulnerable, patient, 
sad, timid, happy, perturbed, relieved, 
wary, bossy, disturbed, content, trapped, 
antisocial, taking it easy, comfortable 
Curious (3), confused (2), flustered, 
frightened, excited, nervous, fed up , 
scared, timid, confident, distressed, sedate, 
depressed, happy, exhausted, dejected, 
terrified, annoyed, bossy, calm, anxious, 
stable, composed, docile, concerned, 
adventurous,  panicking, stressed, 
wondering, sleepy, assured, bored   71 
 
   
 
Figure 4-1.  Positions of individual sheep on GPA dimensions 1 and 2 (a) and 1 and 3 (b) for closed ventilation vs. open ventilation.   
Each sheep is represented twice (numbers represent the sheep IDs), once as closed ventilation (V) and secondly as open ventilation (HV).   
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4.3.1.2.  Flooring treatment 
The GPA consensus profile explained 48.2 % of the variation among the 56 
observers for the flooring study.  This differed statistically from the mean randomised 
profile (t99 = 61.57, p < 0.001).  The three main dimensions identified explained 40.6 %, 
11.1 % and 6.5 % of the variation between animals respectively. 
Word charts were produced for each of the observers.  GPA dimension 1 was 
characterised by terms such as ‘anxious’, ‘agitated’, ‘worried’ on one end of the axis 
and ‘calm’, ‘relaxed’, ‘comfortable’ on the other end.  GPA dimension 2 was 
characterised by terms such as ‘alert’, ‘curious’, ‘aware’ on one end of the axis and 
‘tired’, ‘passive’, ‘terrified’ on the other end of the axis.  The terms that characterised 
GPA dimension 3 were ‘worried’, ‘confused’, ‘tense’ on one end of the axis and 
‘interested’, ‘happy’, ‘aware’ on the other end of the axis. For a full list of terms for 
each dimension see Table 4.2. 
Positions of individual sheep on the three GPA dimensions are shown in Figure 
4.2.  There were no significant differences between the slip flooring treatments on GPA 
dimensions 1 (F 1, 9 = 3.95, p = 0.078) or dimension 3 (F 1, 9 = 0.002, p = 0.968).  
However, sheep during the slip flooring journey were scored statistically greater on 
GPA dimension 2 compared with sheep during the non-slip flooring trip (F 1, 9 = 9.25, p 
= 0.014).  This result indicates that animals were scored as more ‘alert’, ‘curious’ and 
‘aware’ during the slip compared with the non-slip flooring treatment.  73 
Table 4-2.  Terms with the greatest positive and negative correlations with GPA 
dimensions 1, 2 and 3 of the consensus profile for the slip vs. non-slip flooring trips.   
When a term was used by multiple observers, values in parentheses give the number of 
observers using that term. 
 
Negative correlation   Positive correlation  
GPA dimension 1 (40.6 %)   
Calm (13), relaxed (10), comfortable (7), 
content (6), happy (5), bored (5), sleepy 
(3), steady (2), settled (2), sure (2), 
composed, non phased, patient, doughy, 
compliant, balanced, satisfied, placid, 
relieved, tired, coping, pleased 
 
Anxious (9), agitated (7), worried (5), 
alert (5), nervous (4), stressed (4), 
confused (3), scared (3), frightened (3), 
concerned (2), distressed (2), defensive 
(2), afraid, distracted, wary, jittery, 
alarmed, petrified, fearful, panicked, 
questioning, active, braced, apprehensive, 
disorientated, bewildered, seeking to 
escape, seeking, restless, twitchy, fidgety, 
startled, excited, lost, jumpy 
GPA dimension 2 (11.1 %)   
Tired (3), passive (2), terrified (2), 
frightened (2), timid, apathic, resigned, 
overcome, sedate, irritable, stressed, 
anxious, flighty, sleepy, depressed, 
fatigued, trapped, doomed, weary, 
defeated, scared, hopeless 
Alert (17), curious (13), aware (6), 
interested (4), inquisitive (3), attentive 
(2), observant (2), anxious (2), calm (2), 
lost, bright, dominant, sure, protective, 
responsive, confused, stable, looking for a 
way out, exploring, stressed, concerned, 
nervous, searching, distracted, 
comfortable, content, wondering, sleepy  
GPA dimension 3 (6.5 %)   
Interested (3), happy (2), aware (2), 
concerned (2), comfortable (2), scared 
(2), calm (2), depressed, inquisitive, 
despair, hungry, curious, playful, 
oblivious, nervy, frightened, exposed, 
thirstily, restful, alert, confused, 
responsive, dejected, aloof, observant, 
sleepy, bored, constricted, relaxed, wary, 
stiff, tired, worried 
Worried (2), confused (2), tense (2), 
patient, claustrophobic, mad, alert, 
enclosed, comfortable, depressed, 
awaiting, taking it easy, sure, relaxed, 
distressed, concerned, defensive, 
investigative, fed up, at ease, watching, 
peaceful, jumpy, anxious, afraid, stoic, 
interested   74 
 
 
 
Figure 4-2.  Positions of individual sheep on GPA dimensions 1 and 2 (a) and 1 and 3 (b) for slip flooring vs. non-slip flooring.   
Each sheep is represented twice (numbers represent the sheep IDs), once as slip flooring (F) and secondly as non-slip flooring (HF).   
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4.3.1.3.  Stop-start driving treatment 
The GPA consensus profile explained 51.0 % of the variation among the 52 
observers and this was statistically different from the mean randomised profile (t99 = 
86.64, p < 0.001).  Three main dimensions were all identified in this study and explained 
54.8 %, 9.3 % and 4.6 % of the variation between animals respectively. 
Word charts were produced for each of the observers.  GPA dimension 1 was 
characterised by terms such as ‘alert’, ‘anxious’, ‘nervous’ on one end of the axis and 
‘calm’, ‘relaxed’, ‘sleepy’ on the other end of the axis.  GPA dimension 2 was 
characterised by terms such as ‘scared’, ‘terrified’, ‘depressed’ on one end of the axis 
and ‘calm’, ‘relaxed’, ‘comfortable’ on the other end of the axis.  Terms that 
characterised GPA dimension 3 were ‘worried’, ‘excited’, ‘happy’ on one end of the 
axis and ‘bored’, ‘cornered’, ‘relaxed’ on the other end of the axis. For a full list of 
terms for each dimension see Table 4.3. 
Positions of individual sheep on the three GPA dimensions are shown in Figure 
4.3.  There were no significant differences between the stop-start and continuous driving 
trips on GPA dimension 2 (F 1, 9 = 1.29, p = 0.284) or dimension 3 (F 1, 9 = 0.73, p = 
0.414).  However, sheep during the stop-start trip were scored statistically greater on 
GPA dimension 1 compared with sheep during the continuous driving trip (F 1, 9 = 
13.88, p = 0.005).  This finding indicates that animals were scored as more ‘alert’, 
‘anxious’ and ‘nervous’ during the stop-start compared with the continuous driving 
treatments.   76 
Table 4-3.  Terms with the greatest positive and negative correlations with GPA 
dimensions 1, 2 and 3 of the consensus profile for the stop-start vs. continuous driving 
trips.   
When a term was used by multiple observers, values in parentheses give the number of 
observers using that term. 
 
Negative correlation   Positive correlation  
GPA dimension 1 (54.8 %)   
Calm (12), relaxed (9), sleepy (6), 
comfortable (5), bored (5), content (5), 
happy (4), accepting (3), tired (3), settled 
(3), at ease (3), certain (2), sure (2), 
compliant, quiet, oblivious, reassured, 
submissive, lethargic, chilled out, 
composed, tranquil, doughy, taking it easy, 
drowsy, sluggish, confident, coping, 
resigned, placid, steady, no phased, serene, 
chilled, subdued, mellow 
Alert (20), anxious (17), nervous (11), 
agitated (11), stressed (9), worried (9), 
concerned (8), curious (8), confused (7), 
aware (6), tense (6), wary (6), scared (5), 
frightened (5), fearful (4), flighty (4), 
startled (4), alarmed (3), responsive (3), 
awake (2), upset (2), jittery (2), afraid (2), 
panicked (2), attentive (2), apprehensive 
(2), bewildered (2), observant (2), 
disturbed (2), on guard (2), questioning, 
disorientated, distressed, bright, petrified, 
flustered, inquisitive, enquiring, twitchy, 
erratic, distracted, cautious, restless, 
fretting, conscious, wondering, jumpy, 
vulnerable, watchful, tentative 
GPA dimension 2 (9.3 %)   
Alert (5), calm (4), relaxed (4), 
comfortable (4), happy (3), content (3), at 
ease (2), aware (2), responsive (2), 
dominant (2), enduring, assured, resigned, 
tolerating, curious, stable, certain, 
confident, chilled out, peaceful, 
inquisitive, restful, sure, balanced, 
authoritative, bright, afraid, in control, 
trusting, passive, patient 
Scared (6), terrified (5), worried (5), 
depressed (5), frightened (4), stressed (3), 
tense (2), looking for escape (2), distressed 
(2), nervous (2), sleepy (2), apprehensive, 
overcome, withdrawn, doomed, avoiding, 
determined, certain, braced, disorientated, 
pissed off, seeking comfort, exhausted, 
aloof, lethargic, fed up, purposeful, on 
edge, content, subdued, hopeless, 
antisocial, fearful, sad, lonely, self 
preservation, anxious, defensive, isolated 
GPA dimension 3 (4.6 %)   
Bored, cornered, annoyed, relaxed, 
frustrated, comfortable, dopey, aggressive, 
cramped, calm, settled, expectant 
 
Excited (2), happy (2), agitated (2), 
worried (2), distressed (2), at ease, 
irritated, restless, watching, stressed, 
anxious, busy, tense, wired, dominant, 
occupied, safe, defensive, terrified, scared, 
sure   77 
 
Figure 4-3.  Positions of individual sheep on GPA dimensions 1 and 2 (a) and 1 and 3 (b) for stop start driving vs. continuous driving.   
Each sheep is represented twice (numbers represent the sheep IDs), once as stop start driving (SS) and secondly as continuous driving (HC).   
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4.3.2.  Physiological variables 
None of the measured physiological variables had values outside ‘normal’ ranges 
(Tables 4.4 to 4.6).  There were changes in physiological variables that were common to 
all three transport studies (Tables 4.4 to 4.6), including decreases in plasma leptin 
concentration (average 4.5 %), plasma cortisol concentration (average 40 %) and plasma 
IGF-1 concentration (8 %) after transport (also noted for the naïve vs. habituated 
transport study for these animals; Chapter 3).  Additionally, core body temperature was 
greater during transport compared with the reference group day for all treatments, and 
fell with time over the duration of the transport event (Figures 4.4b, 4.5b and 4.6b).   
The important differences in physiology were those that demonstrated a 
significant treatment x time interaction, which would reflect that the experimental 
treatments resulted in differing physiology.  These are discussed below. 
 
4.3.2.1.  Ventilation treatment 
Plasma leptin concentration was 14 % less in sheep after the open ventilation trip 
but by only 4 % less after the closed ventilation trip (treatment x time interaction: 
p<0.001).  Plasma β-OH concentration was 12 % greater in sheep after the closed 
ventilation trip but 7.5 % less after the open ventilation trip (treatment x time 
interaction: p<0.05).  Both plasma insulin and glucose concentrations were greater in 
sheep after the closed ventilation trip but were less after the open ventilation trip 
compared to before (treatment x time interaction: p<0.05).  White blood cell numbers 
decreased statistically in sheep after the closed ventilation trip but did not decrease after 
the open ventilation trip (treatment x time interaction: p<0.05).  The same pre-departure 
haematocrit values were measured in sheep for both trips, but there was a greater 
decrease after the open ventilation trip (treatment x time interaction: p<0.05).    79 
Neutrophil numbers increased and lymphocyte numbers fell in sheep after both trips, 
with larger changes recorded after the open ventilation trip compared to the closed 
ventilation trip (treatment x time interaction: p<0.05).  
Ventilation had no effect on the heart rate and heart rate variability of the sheep 
(p>0.05).  However, average and maximum Tcore was statistically elevated in sheep 
during the closed ventilation trip compared to their open ventilation trip (treatment: 
p<0.001).  Average and maximum Tcore of the sheep during the last 40 minutes of the 
closed ventilation trip were 0.1 °C and 0.14 °C greater than for the same time during the 
open ventilation trip (time: p<0.05; treatment x time interaction: p<0.001).  This does 
not reflect ambient temperatures which increased during both trips.  Average and 
maximum Tcore of the sheep was lower during both closed ventilation and open 
ventilation trips compared to the reference group (non-transport) days (treatment x time 
interaction: p<0.05).   
   80 
Table 4-4.  Mean (± 1 SD) blood physiological variables, heart rate (HR), heart rate variability (HRV) and core body temperature (Tcore) for closed 
ventilation vs. open ventilation. 
Statistically significant values are indicated in bold (*p<0.05, **p<0.01, ***p<0.005). Correlation coefficients (r) for physiology with GPA dimensions 1, 
2 & 3 are also shown (critical values: r18 (n-2) excluding HR and HRV; r17 (n-2) HR and HRV only) 
 
Open ventilation  Closed ventilation 
Treatment 
(Closed vs. 
open 
ventilation) 
Time 
(Before 
vs. 
after) 
Treatment  
x time  
interaction 
GPA  
dimension  
1 
GPA  
dimension  
2 
GPA  
dimension  
3  Before  After  Before  After 
Hormones & metabolites          Results of RM ANOVA p values  Correlation coefficients 
     [Leptin] (ng/ml)  1.6 ± 0.3  1.4 ± 0.2  1.4 ± 0.2  1.3 ± 0.2  <0.001  <0.001  <0.001  -0.542 *  0.279  0.225 
     [Cortisol] (ng/ml)  40.1 ± 24.3  21.4 ± 11.3  47.6 ± 29.2  27.3 ± 12.8  0.371  <0.001  0.875  0.004  -0.161  0.068 
     [IGF-1] (ng/ml)  40.7 ±13.8  36.8 ± 12.4  32.1 ± 9.5  29.9 ± 10.7  <0.001  0.021  0.429  0.122  0.192  -0.012 
     [Insulin] (µU/ml)  5.8 ± 1.2  5.8 ± 1.6  5.5 ± 1.3  6.3 ± 1.9  0.776  0.346  0.038  -0.049  -0.038  -0.068 
     [β-OH] (mmol/L)  0.26 ± 0.06  0.24 ± 0.06  0.30 ± 0.07  0.34 ± 0.07  <0.001  0.427  0.031  -0.266  -0.230  0.021 
     [Glucose] (mmol/L)  3.91 ± 0.36  4.37 ± 0.66  3.89 ± 0.22  3.97 ± 0.27  0.054  0.009  0.020  -0.183  0.061  -0.182 
Haematological variables                     
     Haematocrit  0.35 ± 0.02  0.32 ± 0.02  0.35 ± 0.02  0.33 ± 0.02  0.105  <0.001  0.019  -0.261  -0.212  0.074 
     Red blood cell (x 10
12/L)  9.58 ± 0.51  8.77 ± 0.46  9.30 ± 0.44  8.77 ± 0.62  0.209  <0.001  0.052  -0.134  -0.399 *  -0.089 
     White blood cell (x 10
9/L)  8.04 ± 1.58  7.59 ± 1.60  6.70 ± 0.87  6.99 ± 0.89  0.022  0.557  0.040  0.133  0.072  0.193 
     Eosinophils (x 10
9/L)  0.24 ± 0.14  0.16 ± 0.10  0.27 ± 0.13  0.16 ± 0.06  0.559  0.001  0.606  0.332  -0.042  0.106 
     Monocytes (x 10
9/L)  0.24 ± 0.17  0.16 ± 0.10  0.17 ± 0.07  0.15 ± 0.07  0.177  0.140  0.364  -0.015  -0.043  0.035 
     Basophils (x 10
9/L)  0.042 ± 0.016  0.039 ± 0.014  0.030 ± 0.008  0.029 ± 0.014  0.002  0.246  0.893  -0.046  0.135  0.277 
     Neutrophils (x 10
9/L)  2.22 ± 0.82  2.90 ± 1.34  2.27 ± 0.57  2.49 ± 1.09  0.380  0.033  0.044  0.228  -0.056  -0.494 * 
     Lymphocytes (x 10
9/L)  5.70 ± 1.17  4.99 ± 1.22  4.71 ± 0.73  4.91 ± 0.88  0.057  0.195  0.019  0.041  0.067  0.396 * 
     Neutrophil: Lymphocyte  0.40 ± 0.15  0.62 ± 0.34  0.49 ± 0.14  0.55 ± 0.32  0.772  0.051  0.018  0.074  -0.083  -0.463 * 
  Before  During  Before  During             
     HR (bpm)  72.6 ± 18.5  70.2 ± 12.9  77.0 ± 16.5  80.7 ± 14.4  0.160  0.893  0.565  -0.569 *  -0.237  0.223 
     HRV (SDNN)(ms)  62.3 ± 26.8  60.3 ± 27.5  61.7 ± 32.1  89.6 ± 51.3  0.232  0.279  0.214  -0.280  0.221  -0.091 
     Tcore average (ºC)  39.45 ± 0.22  39.26 ± 0.20  38.91 ± 0.18  39.36 ± 0.21  <0.001  <0.001  <0.001  0.108  0.096  0.073 
     Tcore maximum (ºC)  39.54 ± 0.21  39.35 ± 0.21  38.99 ± 0.17  39.49 ± 0.18  <0.001  0.031  <0.001  0.142  0.088  0.046 
HR & HRV (before): 10 to 5 min. before departure    Tcore (before): 40 min. at same time of day on non-transport day 
HR & HRV (during): 70 to 75 min. after departure     Tcore (during): 40 to 80 min. after departure   81 
 
 
Figure 4-4.  Mean (± 1 SD) heart rate (a) and Tcore (b) of sheep during the closed 
ventilation and open ventilation transport trips.   
a) SD bars indicate the amount of variability in the data for each treatment.  Shaded areas 
show the two time points where comparisons were made: -5 to -10 minutes (reference 
group), 70 to 75 minutes (treatment).  b) Mean Tcore of sheep three days before the closed 
ventilation trip (closed ventilation reference group) and one day post open ventilation trip 
(open ventilation reference group) is shown for comparison. 
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4.3.2.2.  Flooring treatment 
Plasma leptin concentration showed a greater decrease in sheep after the non-slip 
flooring trip (14 %) compared to the slip flooring trip (4.5 %) (treatment x time 
interaction: p<0.001).  Plasma β-OH concentration was 7.5 % less in sheep after the 
non-slip flooring trip compared with an increase of 16 % after the slip flooring trip 
(treatment x time interaction: p<0.05); plasma glucose showed the opposite pattern, 
increasing after the non-slip flooring trip but decreasing after the slip flooring trip 
(treatment x time interaction: p<0.05). 
Haematocrit and red blood cell numbers were both less in sheep after the non-
slip flooring treatment (8.5 % and 8.5 %) but were greater for the slip flooring treatment 
(4 % and 6 %) (treatment x time interaction: p<0.001).  Eosinophil and lymphocyte 
numbers decreased in the sheep after the non-slip flooring trip but increased after the 
slip flooring trip, while the converse was true for neutrophil numbers and the neutrophil: 
lymphocyte ratio (treatment x time interaction: p<0.05). 
Transport resulted in statistically elevated heart rates in sheep compared to 
before transport (treatment: p<0.05).  Heart rate increased by 16 % (5 to 10 minutes 
after departure compared to 10 to 5 minutes before departure) during the slip flooring 
trip compared with only 6 % during the non-slip flooring trip (p<0.05).  Heart rate 
variability was statistically lower for the non-slip flooring trip compared to the slip 
flooring trip (treatment: p<0.05).   
Transport resulted in a significant increase in body temperature, with a greater 
elevation in sheep for the slip flooring trip (0.48 °C) compared with the non-slip 
flooring trip (0.14 °C) in average and maximum Tcore, respectively (treatment x time 
interaction: p<0.001).  Maximum Tcore during the first 40 minutes of transport was 
greater in sheep for both trips compared to the same time period on the non-transport   83 
days (treatment x time interaction: p<0.001).  However, maximum Tcore of the sheep 
reached during the slip flooring trip did not statistically differ from the maximum Tcore 
during the non-slip flooring trip (p>0.05).   84 
Table 4-5.  Mean (± 1 SD) blood physiological variables, heart rate (HR), heart rate variability (HRV) and core body temperature (Tcore) for slip 
flooring vs. non-slip flooring. 
Statistically significant values are indicated in bold (*p<0.05, **p<0.01, ***p<0.005). Correlation coefficients (r) for physiology with GPA dimensions 1, 
2 & 3 are also shown (critical value: r18 (n-2)) 
 
Non-slip flooring  Slip flooring 
Treatment 
(Slip vs. 
non-slip 
flooring) 
Time 
(Before 
vs. after) 
 
Treatment 
x time 
interaction 
 
GPA 
dimension 
1 
GPA 
dimension 
2 
GPA 
dimension 
3  Before  After  Before  After 
Hormones & metabolites          Results of RM ANOVA p values  Correlation coefficients 
     [Leptin] (ng/ml)  1.6 ± 0.3  1.4 ± 0.2  1.5 ± 0.3  1.4 ± 0.2  0.309  <0.001  <0.001  0.564 *  0.241  -0.169 
     [Cortisol] (ng/ml)  40.1 ± 24.3  21.4 ± 11.3  59.14 ± 12.7  36.82 ± 13.6  0.005  <0.001  0.659  0.045  -0.295  0.008 
     [IGF-1] (ng/ml)  40.7 ±13.8  36.8 ± 12.4  36.5 ± 10.9  33.0 ± 9.4  0.042  <0.001  0.915  0.384 *  -0.277  0.038 
     [Insulin] (µU/ml)  5.8 ± 1.2  5.8 ± 1.6  5.9 ± 1.6  6.5 ± 1.6  0.233  0.459  0.283  0.117  0.184  0.010 
     [β-OH] (mmol/L)  0.26 ± 0.06  0.24 ± 0.06  0.32 ± 0.07  0.38 ± 0.08  <0.001  0.029  0.030  0.247  0.354  -0.230 
     [Glucose] (mmol/L)  3.91 ± 0.36  4.37 ± 0.66  4.60 ± 0.62  3.96 ± 0.32  0.135  0.258  0.002  -0.454 *  -0.332  0.007 
Haematological variables                     
     Haematocrit  0.35 ± 0.02  0.32 ± 0.02  0.31 ± 0.02  0.33 ± 0.02  0.003  0.051  <0.001  0.468 *  0.563 *  0.104 
     Red blood cell (x 10
12/L)  9.58 ± 0.51  8.77 ± 0.46  8.40 ± 0.38  8.75 ± 0.55  <0.001  0.035  <0.001  0.422 *  0.522 *  0.060 
     White blood cell (x 10
9/L)  8.04 ± 1.58  7.59 ± 1.60  6.72 ± 1.24  7.16 ± 1.21  0.036  0.999  0.188  0.133  0.252  -0.312 
     Eosinophils (x 10
9/L)  0.24 ± 0.14  0.16 ± 0.10  0.14 ± 0.11  0.19 ± 0.12  0.324  0.414  0.036  0.085  0.199  -0.302 
     Monocytes (x 10
9/L)  0.24 ± 0.17  0.16 ± 0.10  0.18 ± 0.08  0.21 ± 0.12  0.823  0.549  0.132  0.570 **  -0.122  -0.006 
     Basophils (x 10
9/L)  0.042 ± 0.016  0.039 ± 0.014  0.033 ± 0.014  0.036 ± 0.016  0.049  0.899  0.388  -0.042  0.094  -0.177 
     Neutrophils (x 10
9/L)  2.22 ± 0.82  2.90 ± 1.34  2.38 ± 0.99  1.97 ± 0.67  0.189  0.561  0.005  -0.045  -0.084  -0.509 * 
     Lymphocytes (x 10
9/L)  5.70 ± 1.17  4.99 ± 1.22  4.57 ± 1.07  5.35 ± 1.14  0.159  0.877  0.023  0.089  0.271  -0.188 
     Neutrophil: Lymphocyte  0.40 ± 0.15  0.62 ± 0.34  0.56 ± 0.32  0.39 ± 0.17  0.636  0.756  0.001  -0.087  -0.189  0.191 
  Before  During  Before  During             
     HR (bpm)  72.6 ± 18.5  77.2 ± 11.1  83.0 ± 12.9  98.3 ± 26.6  0.009  0.091  0.362  -0.260  0.196  -0.299 
     HRV (SDNN) (ms)  62.25 ± 26.79  47.52 ± 24.69  96.38 ± 40.20  76.94 ± 19.16  0.001  0.065  0.794  0.384 *  0.238  0.069 
     Tcore average (ºC)  39.36 ± 0.16  39.50 ± 0.17  39.05 ± 0.14  39.53 ± 0.13  <0.001  <0.001  <0.001  0.422 *  0.445 *  -0.204 
     Tcore maximum (ºC)  39.48 ± 0.19  39.62 ± 0.15  39.18 ± 0.14  39.63 ± 0.13  <0.001  <0.001  <0.001  0.430 *  0.390 *  -0.041 
HR & HRV (before): 10 to 5 min. before departure    Tcore (before): 40 min. at same time of day on non-transport day 
HR & HRV (during): 5 to 10 min. after departure    Tcore (during): 0 to 40 min. after departure   85 
 
 
Figure 4-5.  Mean (± 1 SD) heart rate (a) and Tcore (b) of sheep during the slip flooring and 
non-slip flooring transport trips.   
a) SD bars indicate the amount of variability in the data for each treatment.  Shaded areas 
show the two time points where comparisons were made: -5 to -10 minutes (reference 
group), 5 to 10 minutes (treatment).  b) Mean Tcore of sheep three days after the slip 
flooring trip (slip flooring reference group) and one day post non-slip flooring trip (non-
slip flooring reference group) is shown for comparison. 
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4.3.2.3.  Stop-start treatment 
Plasma leptin concentration decreased by only 4 % in sheep after the stop-start 
driving trip compared with 14 % after the continuous driving trip (treatment x time 
interaction: p<0.001).  Red blood cell numbers were 8.5 % less in sheep after the 
continuous driving trip compared with a decrease of 5 % after the stop-start driving trip 
(treatment x time interaction: p<0.05).  White blood cell numbers increased after the 
stop-start driving trip but decreased after the continuous driving trip (treatment x time 
interaction: p<0.05).  Plasma cortisol concentration was greater in the sheep before 
transport compared to after transport for both the stop-start driving and the continuous 
driving trips, however plasma cortisol concentration was 46 % less after the continuous 
driving trip and only 23 % less after the stop-start driving trip (time: p<0.05). 
Heart rate was statistically elevated in sheep during the stop-start driving trip 
compared to the continuous driving trip (treatment: p<0.05).  However time had no 
effect on heart rate, indicating that during the time window tested, heart rate had 
returned to pre-transport values.  Heart rate variability was not affected by the driving 
treatments (p>0.05). 
Average and maximum Tcore was statistically elevated during the stop-start 
driving trip compared with the same 40 minute period on the non-transport days 
(reference groups) (treatment: p<0.001).  Average and maximum Tcore were 0.23 °C and 
0.29 °C greater during the stop-start driving trip compared to the continuous driving trip 
(treatment: p<0.05).  Average Tcore of the sheep was greater during the last 40 minutes 
of transport, during the stop-start driving trip, but was lower during the equivalent 
period of the continuous driving trip (Figure 4.7) (time: p<0.05; treatment x time 
interaction: p<0.001).  87 
Table 4-6.  Mean (± 1 SD) blood physiological variables, heart rate (HR), heart rate variability (HRV) and core body temperature (Tcore) for stop-start 
driving vs. continuous driving. 
Statistically significant values are indicated in bold (*p<0.05, **p<0.01, ***p<0.005). Correlation coefficients (r) for physiology with GPA dimensions 1, 
2 & 3 are also shown (critical value: r18 (n-2)) 
 
Continuous driving  Stop-start driving 
Treatment 
(Stop-start 
vs. 
continuous) 
Time 
(Before 
vs. after) 
 
Treatment  
x time 
interaction 
 
GPA  
dimension  
1 
GPA 
dimension 
2 
GPA 
dimension 
3  Before  After  Before  After 
Hormones & metabolites          Results of RM ANOVA p values  Correlation coefficients 
     [Leptin] (ng/ml)  1.6 ± 0.3  1.4 ± 0.2  1.4 ± 0.2  1.4 ± 0.2  0.009  <0.001  <0.001  0.379 *  0.203  -0.359 
     [Cortisol] (ng/ml)  40.1 ± 24.3  21.4 ± 11.3  48.6 ± 24.3  37.5 ± 18.2  0.107  0.005  0.254  0.007  -0.121  -0.537 
     [IGF-1] (ng/ml)  40.7 ±13.8  36.8 ± 12.4  35.4 ± 12.2  33.5 ± 10.4  0.004  0.020  0.386  0.045  -0.015  -0.063 
     [Insulin] (µU/ml)  5.8 ± 1.2  5.8 ± 1.6  5.9 ± 1.6  6.4 ± 1.2  0.192  0.656  0.356  -0.065  -0.352  0.106 
     [β-OH] (mmol/L)  0.26 ± 0.06  0.24 ± 0.06  0.31 ± 0.07  0.29 ± 0.08  <0.001  0.180  0.737  0.021  0.257  0.203 
     [Glucose] (mmol/L)  3.91 ± 0.36  4.37 ± 0.66  3.82 ± 0.20  4.53 ± 0.83  0.533  0.005  0.121  -0.281  0.443 *  -0.172 
Haematological variables                     
     Haematocrit  0.35 ± 0.02  0.32 ± 0.02  0.34 ± 0.02  0.32 ± 0.02  <0.001  <0.001  0.078  -0.102  0.188  0.345 
     Red blood cell (x 10
12/L)  9.58 ± 0.51  8.77 ± 0.46  9.14 ± 0.52  8.68 ± 0.46  <0.001  <0.001  0.018  0.079  0.111  0.260 
     White blood cell (x 10
9/L)  8.04 ± 1.58  7.59 ± 1.60  7.04 ± 1.22  7.32 ± 1.16  0.019  0.564  0.017  -0.038  0.111  0.040 
     Eosinophils (x 10
9/L)  0.24 ± 0.14  0.16 ± 0.10  0.22 ± 0.10  0.15 ± 0.09  0.448  0.004  0.221  -0.181  -0.334  0.088 
     Monocytes (x 10
9/L)  0.24 ± 0.17  0.16 ± 0.10  0.18 ± 0.08  0.17 ± 0.05  0.525  0.120  0.333  0.199  -0.278  -0.149 
     Basophils (x 10
9/L)  0.042 ± 0.016  0.039 ± 0.014  0.039 ± 0.020  0.036 ± 0.015  0.191  0.209  0.827  -0.405 *  -0.023  0.039 
     Neutrophils (x 10
9/L)  2.22 ± 0.82  2.90 ± 1.34  2.01 ± 0.59  2.77 ± 1.03  0.163  <0.001  0.406  -0.010  -0.012  0.361 
     Lymphocytes (x 10
9/L)  5.70 ± 1.17  4.99 ± 1.22  5.33 ± 1.07  4.90 ± 1.06  0.120  0.020  0.327  -0.407 *  -0.059  -0.186 
     Neutrophil: Lymphocyte  0.40 ± 0.15  0.62 ± 0.34  0.39 ± 0.13  0.61 ± 0.33  0.732  0.004  0.900  0.233  0.018  0.364 
  Before  During  Before  During             
     HR (bpm)  72.6 ± 18.5  72.1 ± 15.3  78.1 ± 16.6  95.2 ± 24.7  0.021  0.169  0.148  0.054  -0.128  -0.012 
     HRV (SDNN) (ms)  62.25 ± 26.79  77.50 ± 31.35  71.23 ± 32.04  91.56 ± 25.19  0.202  0.052  0.776  -0.402 *  -0.189  0.234 
     Tcore average (ºC)  39.45 ± 0.22  39.26 ± 0.20  38.91 ± 0.18  39.49 ± 0.26  <0.001  0.015  <0.001  0.483 *  0.383 *  -0.301 
     Tcore maximum (ºC)  39.54 ± 0.21  39.35 ± 0.21  38.99 ± 0.17  39.64 ± 0.32  0.002  0.007  <0.001  0.490 *  0.334  -0.267 
HR & HRV (before): 10 to 5 min. before departure  Tcore (before): 40 min. at same time of day on non-transport day 
HR & HRV (during): 45 to 50 min. after departure  Tcore (during): 40 to 80 min. after departure   88 
 
 
Figure 4-6.  Mean (± 1 SD) heart rate (a) and Tcore (b) of sheep during the stop-start 
driving and continuous driving transport trips.   
a) SD bars indicate the amount of variability in the data for each treatment.  Shaded areas 
show the two time points where comparisons were made: -5 to -10 minutes (reference 
group), 45 to 50 minutes (treatment).  b) Mean Tcore of sheep two days after the stop-start 
driving trip (stop-start driving reference group) and one day post continuous driving trip 
(continuous driving reference group) is shown for comparison. 
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4.3.3.  Correlation of physiology to behaviour 
Correlations were observed between the GPA scores and plasma leptin 
concentration (all treatments), plasma glucose concentration (ventilation and flooring), 
plasma IGF-1 concentration (flooring), white blood cell profile (all treatments), body 
temperature (ventilation and flooring) and heart rate or heart rate variability (all 
treatments). 
 
4.3.3.1.  Ventilation treatment 
For the ventilation treatment experiment, plasma leptin concentration and HR 
both correlated negatively with GPA dimension 1, while red blood cell count correlated 
negatively with GPA dimension 2.  Therefore, sheep described as more ‘relaxed’, 
‘calm’ and ‘sleepy’ had increased plasma leptin concentrations and HR while sheep 
described as ‘happy’, ‘alert’ and ‘curious’ had greater numbers of red blood cells.  
Lymphocyte numbers were positively correlated and neutrophil numbers and the 
neutrophil: lymphocyte ratio negatively correlated with the GPA dimension 3.  
Therefore, sheep described as more ‘curious’, ‘confused’ and ‘flustered’ had greater 
numbers of lymphocytes, whilst sheep described as ‘frightened’, ‘nervous’ and 
‘stressed’ had greater numbers of neutrophils and a greater neutrophil: lymphocyte ratio. 
 
4.3.3.2.  Flooring treatment 
Plasma leptin and IGF-1 concentrations, haematocrit, red blood cell count, 
monocyte numbers, HRV and average and maximum Tcore were positively correlated 
with GPA dimension 1 (i.e. greater in sheep also described as more ‘anxious’, ‘agitated’ 
and ‘worried’) for the flooring treatment experiment whilst plasma glucose 
concentration was lower.  Haematocrit, red blood cell count and average and maximum   90 
Tcore were positively correlated with GPA dimension 2 (i.e. greater for sheep also 
described as more ‘alert’, ‘curious’ and ‘aware’).  Neutrophil numbers were negatively 
correlated with GPA dimension 3 (i.e. greater for sheep also described as more 
‘interested’, ‘happy’ and ‘aware’). 
 
4.3.3.3.  Stop-start driving treatment 
GPA dimensions 1 and 2 (but not GPA 3) were statistically correlated with 
physiological variables for the stop-start vs. continuous driving treatment.  Plasma leptin 
concentration and average and maximum Tcore correlated positively with GPA 
dimension 1 while HRV and basophil and lymphocyte numbers were negatively 
correlated.  Therefore, sheep described as more ‘alert’, ‘anxious’ and ‘nervous’ had 
increased plasma leptin concentrations and greater Tcore, while sheep described as more 
‘calm’, ‘relaxed’ and ‘sleepy’ had greater HRV and increased numbers of basophils and 
lymphocytes.  Plasma glucose concentration and average Tcore were positively correlated 
with GPA dimension 2 (i.e. greater for in sheep also described as more ‘scared’, 
‘terrified’ and ‘worried’).    91 
 
 
Figure 4-7.  Mean (± 1 SD) trailer and core body temperature of sheep during the first and 
last 40 minutes of each transport. 
(a) the closed ventilation and open ventilation trips; (b) the slip flooring and non-slip 
flooring trips; (c) the stop-start driving and continuous driving trips. 
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4.4.  Discussion 
 
In this study it was shown that observers using qualitative assessment of 
behavioural expression could distinguish between sheep that were exposed to altered 
transport conditions (altered flooring and driving behaviour).  This supports a previous 
study (Chapter 3) where observers could distinguish between sheep naïve and habituated 
to transport, and in other species tested under other experimental or on-farm conditions 
(Wemelsfelder et al., 2000, 2001; Rousing & Wemelsfelder, 2006; Napolitano et al., 
2008; Minero et al., 2009).  The GPA consensus profile explained half the variation 
between the observer scores for all three treatments (ventilation, altered flooring and 
driving behaviour) showing that there was consensus between observers in regard to 
how they scored the behavioural expression of sheep.  From the GPA consensus profile 
it was possible to identify distinct clusters of words with similar meanings on the 3 GPA 
dimensions for all treatments.  For example, ‘calm’, ‘relaxed’ and ‘comfortable’ formed 
one cluster of words and ‘anxious’, ‘agitated’ and ‘worried’ formed another cluster on 
GPA dimension 1 for the flooring study.  Similar clusters were found for the other 
treatments. 
The relative position of the sheep on GPA dimension 2 for the flooring study and 
GPA dimension 1 for the driving study differed according to the treatment imposed.  
Sheep were scored as more ‘tired’, ‘passive’ and ‘terrified’ on the slip flooring trip 
compared with more ‘alert’, ‘curious’ and ‘aware’ on the non-slip flooring trip.  During 
the stop-start driving trip, sheep were scored as more ‘alert’, ‘anxious’ and ‘nervous’, 
but more ‘calm’, ‘relaxed’ and ‘sleepy’ during the continuous driving trip.   
Although there was consensus amongst observers in regard to the behavioural 
expression of sheep during the closed and open ventilation trips (evident from the spread   93 
of words on the GPA dimensions), the observers could not distinguish between sheep on 
these two trips.  This suggests that observers were picking up between-animal 
differences of the sheep rather than their behavioural reaction to the treatment, 
suggesting that there was no behavioural difference between the sheep during the closed 
and open ventilation trips.  Lay (2004) notes that some factors of transport are only 
potential stressors and do not become a stressor until they reach a level of magnitude to 
become a concern.  It is possible that the magnitude of any stress during the closed 
ventilation trip was not sufficient to alter the behaviour of the sheep.  However, there 
were physiological responses to the change in ventilation, and the lack of a behavioural 
response may indicate that the physiological adjustments to the reduced ventilation 
compensated for them adequately without reaching a threshold that would be reflected 
by changes in behaviour. The changes in Tcore which precede transport average only 
about 0.6 
oC and there was no significant effect on heart rate, indicating that there was 
not a particularly great heat load, nor were the ambient temperatures particularly high.  
The duration of the journey may have to be longer or the ambient temperature greater 
before any behavioural differences would be observed.   
The physiology of the sheep was affected by the transport treatments; however, 
the physiological responses during each transport event differed depending on the 
treatment.  For example, altered ventilation had no effect on heart rate, whereas altered 
flooring and driving behaviour, both physical and individually applicable stressors, 
caused heart rate to increase.  Djordjevic et al. (2003) also found that the stress-induced 
response of the HPA system is specific to the type of stressor encountered.  As changes 
in plasma leptin, cortisol and IGF-1 concentrations and Tcore were common to all the 
treatments, it is likely that these changes in physiology are a common feature of a 
response to transport and not due to any particular transport treatment.  Some variables 
showed changes with treatment; most notable were β-OH concentration and white blood   94 
cell count (all experiments).  However, the same habituated transport trip was used for 
comparison with all experiments. 
Previous studies have reported that sheep were more stressed during a journey 
that contained frequent stops and accelerations and that heart rate was greater during the 
‘rough’ journey compared to the ‘smooth’ journey (Ruiz-de-la-Torre et al. 2001; 
Bradshaw et al. 1996).  Similarly, in the present study, increased heart rate was recorded 
during the stop-start trip compared to the continuous trip, suggesting that there was a 
greater stress response during the stop-start trip.  Plasma cortisol declined the least after 
the stop-start trip compared to the other transport treatments, indicating that driving 
behaviour may be a bigger stressor to the sheep than ventilation and flooring type.   
It was observed after viewing the video footage of the sheep during the slip 
flooring trip that the sheep appeared to find their balance within the first 10 minutes of 
the journey on the slip-flooring trip and kept their balance during the trip.  Any stress 
associated with the loss of balance during the first 10 minutes of the journey may have 
dissipated by the time blood samples were collected from the sheep after completion of 
the journey. This could explain why there were few physiological variables derived 
from the blood samples (e.g. glucose, white blood cell profile) associated with 
significant treatment x time interaction effects for this slip-flooring treatment (but did 
for the other treatments).  Sheep during the slip-flooring and stop-start driving trips had 
greater average and maximum Tcore than when experiencing a journey with limited 
ventilation, even though the environmental temperature in the trailer was greatest for the 
closed ventilation trip.  This is probably due to sheep having to work physically harder 
to maintain balance during the slip-flooring and stop-start driving treatments, which is 
evidenced by their greater HR.  There is increased muscular activity when trying to 
balance which leads to increased heat production.     95 
Heart rate did not increase statistically during the closed ventilation trip but it is 
possible that the length of the trip was not sufficient enough to cause any adverse 
effects.  Heart rate did begin to increase after 70 minutes but the journey was completed 
after 85 minutes.  Therefore, a longer journey time or a greater ambient temperature may 
be required to observe any behavioural effects of limited ventilation.  The neutrophil: 
lymphocyte ratio was greater after transport compared with before, for both closed and 
open ventilation indicating a typical stress response to transport (Cole et al., 1997a).  It 
is unlikely that this response is due to the ventilation conditions because the same 
response was observed in both trips. 
 
4.4.1.  Correlations between the behavioural assessment and physiology 
Meaningful correlations of the physiology to the GPA scores were found for 
each treatment.  Plasma leptin concentrations were correlated with GPA dimension 1 for 
all treatments.  For all three treatments, the first GPA dimension generally described 
greater levels of awareness of their environment: ‘alert’ and ‘anxious’ were terms used 
to describe GPA dimension 1 across all three treatments.  Plasma leptin was the only 
physiological variable positively correlated to behavioural expression across the three 
treatments.  Leptin has been shown to increase in isolation stressed rats (Perelló et al. 
2006).  They postulate that increased circulating concentrations of leptin decrease 
adrenal leptin-receptor expression causing circulating glucocorticoid concentrations to 
stimulate adipocyte leptin production.  Plasma IGF-1 was correlated with GPA 
dimension 1 for the flooring treatment (only), with increased plasma IGF-1 
concentrations in sheep that were more ‘anxious’, ‘agitated’ and ‘worried’.  Plasma 
IGF-1 may play a role as an anti-stress mediator and may ensure a balanced immune 
response (Dorshkind & Horseman, 2001).  Increases in glucocorticoid concentrations 
during stress can down-regulate the immune response, which prevents chronic   96 
inflammation and autoimmune disease (Dorshkind & Horseman, 2001).  However, it is 
important that this down-regulation does not result in immunosuppression, so the 
negative effects of the glucocorticoids are balanced by the positive effects of IGF-1 and 
ensure immune response homeostasis and reduce the susceptibility to stress-induced 
disease (Dorshkind & Horseman, 2001).   
Heart rate was correlated with GPA dimension 1 during the ventilation 
treatment.  Sheep described as more ‘alert’, ‘anxious’ and ‘responsive’ had greater heart 
rates than those described as ‘relaxed’, ‘calm’ and ‘sleepy’.  However, observers could 
not distinguish between sheep during a closed or open ventilation trip so the differences 
in behavioural expression that they observed were likely due to between-animal 
differences of the sheep rather than any effects of the treatment.   
The stress leukogram as depicted by the neutrophil: lymphocyte ratio was 
correlated with GPA dimension 3 for the ventilation treatment, with greater values 
recorded in sheep that were also scored as more ‘frightened’, ‘nervous’ and ‘stressed’.  
This result may reflect aspects of the animals’ temperaments or other between-animal 
differences, since observers did not distinguish between the behavioural expression of 
sheep during the closed or open ventilation trips.  Or, the lack of a behavioural response 
may indicate that the physiological adjustments to the reduced ventilation compensated 
for them adequately without reaching a threshold that would be reflected by changes in 
behaviour.  A similar result was noted for previous research that found transport-naïve 
sheep, described as more ‘nervous’, ‘worried’ and ‘alert’, also demonstrated an 
increased stress leukogram (Chapter 3). 
Plasma glucose concentration was negatively correlated with GPA dimension 1 
for the flooring treatment trips.  Therefore, sheep generally scored as more ‘anxious’, 
‘agitated’ and ‘worried’ had increased plasma glucose concentration.  In addition, 
plasma glucose concentration was correlated with GPA dimension 2 for the driving   97 
treatments, where sheep scored as more ‘scared’, ‘terrified’ and ‘worried’ had greater 
plasma glucose concentrations. 
Haematocrit and red blood cell count were correlated with both GPA dimension 
1 and GPA dimension 2 for the flooring study.  Sheep scored as more ‘anxious’, 
‘agitated’, ‘worried’, ‘alert’, ‘curious’ and ‘aware’ had greater haematocrit and greater 
numbers of red blood cells.  Red blood cell numbers were also correlated with GPA 
dimension 2 for the ventilation treatments, indicating that sheep scored as more ‘alert’, 
‘anxious’ and ‘responsive’ had greater numbers of red blood cells.  Elevated haematocrit 
and RBC count may reflect increased splenic contractions in response to a threatening 
process (a sympathetic response).   
Plasma cortisol, insulin and β-OH concentrations as well as white blood cell 
counts did not correlate to any of the GPA dimensions for any of the treatments. 
 
4.4.2.  Conclusions 
In conclusion, there was consensus in the ability of observers to interpret 
behavioural expression of sheep during various transport treatments.  Observers were 
able to distinguish between sheep transported with slip flooring and non-slip flooring 
and between sheep during a stop-start journey compared with a continuous driving trip.  
Observers were not able to distinguish between sheep transported with open or closed 
ventilation.  The lack of a behavioural response may indicate that the physiological 
adjustments to the reduced ventilation compensated for them adequately without 
reaching a threshold that would be reflected by changes in behaviour.  However, this 
result may have also been due to the journey time; a longer journey may be necessary to 
see any effects of the limited ventilation under the ambient temperatures tested, or 
because changes in behaviour did not change the effects of the stressor.  The 
behavioural expression scores demonstrated significant correlations with numerous   98 
physiological variables in a manner that was consistent with the interpretation that the 
behavioural expression of sheep reflected their current physiological state.  This makes 
interpretation of behavioural expression through the process of QBA a powerful method 
of assessing the individual animal’s experience of its environment.  Although this 
experiment was carried out under a reasonably restrictive environment, i.e. for sheep 
transported over a period of 90 minutes, the fact that there were substantial differences 
between treatments suggests that the interpretation of behavioural expression during 
physical challenges (altered flooring and driving behaviour), which directly impinge on 
the animals’ behaviour, can be extremely sensitive to subtle changes in an animal’s 
environment.  This method therefore holds great promise as an indicative tool to assess 
the welfare of the whole animal.  99 
Chapter 5.  Does body condition influence the behavioural 
expression of sheep?  1.  Qualitative behavioural 
expression as a measure of  response to  transport over two 
seasons 
 
5.1.  Introduction 
 
In previous studies (Chapters 3 and 4), the use of qualitative behavioural 
assessment (QBA) was investigated as a measure of behavioural expression of sheep 
during different transport conditions.  These studies demonstrated that human observers 
are able to reach consensus in their assessment of the behavioural expression of the 
sheep.  Furthermore, observers were able to distinguish between video footage showing 
sheep that were naïve and habituated to transport, or when these animals were exposed 
to altered flooring conditions (non-slip vs. slip flooring) or erratic driving speeds 
(continuous vs. stop-start driving) based on their behavioural expression (i.e. QBA 
scores).  Finally, elements of the assessment of individual sheep’s behavioural 
expression were correlated with pertinent physiological measures.  These studies 
investigated transport as an acute stressor in itself, but did not take into account any 
differences in background between individual sheep.  For example, nutritional status can 
cause chronic stress in sheep, affecting the functioning of various organ systems (Daniel 
et al., 2002) and therefore overall wellbeing.  Sheep exhibit distinct photoperiodic-
driven cycles in feeding behaviour and adiposity aligned to changes in pasture 
availability and quality.  For example, sheep on sparse, dry pasture in autumn are in   100 
negative energy balance, mobilising body fat reserves for energy, and are therefore in a 
period of live weight loss (Higgs et al., 1991; Norris, 2005).  Southern Western 
Australia experiences a Mediterranean climate and pastures decline in quality and 
quantity during the first half of the calendar year (i.e. late Austral summer and autumn); 
supplementary feeding is required at this time for sheep to maintain bodyweight (Norris, 
2005).  Thus, sheep coming from this area in the first half of the year are likely to be in 
negative energy balance using body fat reserves for energy, and are therefore in a period 
of live weight loss (Higgs et al., 1991; Norris, 2005).  By contrast, in the second half of 
the year in the same region, sheep are on green pasture and are likely to be laying down 
body fat (Norris, 2005).  These seasonal patterns of feeding behaviour may be linked 
with susceptibility to stress.   
In humans and animals, the physiological response to stress varies with differing 
levels of adipose tissue (Tilbrook & Clarke, 2006).  Obese men and women have 
increased activity of the HPA axis in response to stress (Moyer et al., 1994; Rosmond et 
al., 1996) and similarly, obese rats have increased activity of the HPA axis in response 
to stress compared to lean rats (Guillaume-Gentil et al., 1990).  Tilbrook et al. (2008) 
found that fat ewes have greater stress-induced concentrations of ACTH and cortisol 
than lean ewes.  A chronic stress can lead to adaptation of the HPA axis to that 
particular stressor (Dwyer & Bornett, 2004).  However, in response to a different 
stressor, the capacity of the adrenal glands to secrete glucocorticoids may be increased, 
resulting in an increased physiological response (Jenson et al., 1996).  Differences in the 
response of the HPA axis to stress may be due to modifications at each level of the axis, 
including altered corticotrophin-releasing hormone and arginine vasopressin secretion, 
and the pituitary responsiveness to these hormones (Tilbrook & Clarke, 2006).   
During an intensive study of sheep transport by sea, Richards et al. (1989) found 
that sheep which died of inanition had greater reserves of body fat than sheep that died   101 
of other causes.  In addition, Norris & Richards (1989) found that death rates aboard 
ships were greater in the second half of the year.  These findings were confirmed in a 
later study by Higgs et al. (1991), who found shipboard deaths doubled between April 
and August and that, of the inappetant sheep, fatter sheep had greater death rates than 
thin sheep.  The authors postulated that the greater death rates in the second half of the 
year were related to the long-term mechanisms controlling appetite and energy 
metabolism.  There are also potential effects of the degree of insulation (reflected in 
body condition score) on the animals’ physiological capacity to manage thermal load.  
Sheep with a lower body condition score should be able to tolerate higher temperatures 
than sheep with a high body condition score.  There is a great deal of difference in 
thermal load encountered in summer in the Middle East and South East Asia (the 
destination of exported sheep from Western Australia) in July and August compared to 
the winter months in Australia.  However, heat stress alone was rarely the primary cause 
of death in sheep during live export, but it may be a contributing factor to the death of 
sheep by salmonellosis and inanition on the ship (Norris & Richards, 1989; Richards et 
al., 1989).  It appears that mechanisms controlling appetite and energy may play a role 
in maintaining optimal well-being. 
Changing body condition score (BCS) can also be stressful and have adverse 
effects on animals.  Akana et al. (1994) concluded that activity of the HPA axis is 
largely regulated by caloric availability.  Calorie-restricted animals have greater baseline 
corticosterone and increased insulin concentrations than non-restricted animals, 
indicating activation of the HPA axis (Vandermeerschen-Doise, et al., 1983; Jahng et 
al., 2007; Tomiyama et al., 2010).  However, chronic exposure to stress, such as chronic 
feed restriction, does not further raise corticosterone in rats, suggesting that calorie-
restriction leads to stress resistance (Gursoy et al., 2001).  Coelho et al. (2010) also 
found that calorie-restricted rats are more stressed than ad lib rats and a blunted stress   102 
response is observed in calorie-restricted rats.  Strack et al. (1997) found that the HPA 
response to stress was diminished in animals with increased calorie intake, suggesting 
that there is less need for HPA axis activity if there are easily available energy sources.  
In addition, Richards et al. (1991) found that the increase in ship board deaths during the 
second half of the year (increasing day length) is unlikely to be due to adiposity as the 
sheep in May and August had similar BCSs but the greater death rate was more likely 
due to the phase of lipid metabolism (utilisation vs. accretion).  This indicates that 
biochemical and hormonal changes occurring in sheep with increasing and decreasing 
BCS are more important than whether an animal is fat (BCS 3.5) or thin (BCS 1.5). 
The aim of the present study was to determine whether sheep of different 
nutritional states demonstrate obvious differences in behavioural expression during a 
stressor, such as road transport, and whether this differs between two seasons (measured 
under shortening and lengthening day length).  The following hypotheses were tested: 
H1.  Sheep of high body condition (on a static plane of nutrition) will exhibit 
the same behavioural expression to sheep of low body condition (on a 
static plane of nutrition), irrespective of day length.  
H2.  Sheep of decreasing body condition (decreasing from high to low BCS) 
will exhibit the same behavioural expressions to sheep increasing in body 
condition (increasing from low to high BCS), irrespective of day length. 
In the previous studies of the behavioural expression of sheep during various 
transport conditions (Chapters 3 & 4), there were significant correlations between 
behavioural expression (i.e. QBA scores) and pertinent physiological responses 
(variously measured before, during and after transport).  Physiological data were 
similarly collected in the present study to further investigate correlations between sheep 
behavioural expression and physiology.   103 
5.2.  Methods 
 
5.2.1.  Animals 
Thirty-two Merino wethers (18 months of age; 35 ± 2.6 kg) were sourced from a 
commercial sale-yard in Midland, Western Australia in November 2008; all sheep were 
from the same flock.  The first half of the experiment was conducted between January 
and April 2009 (Australian summer/autumn); a period of decreasing day length.  The 
second half of the experiment was conducted between July and October 2009 
(Australian winter/spring); a period of increasing day length.  
 
5.2.2.  Housing 
Sheep were housed indoors in individual pens, at the Murdoch University 
Animal House so that they could be individually fed and monitored.  Each pen had ad 
libitum water supply and was adjoined to another pen allowing sheep contact with at 
least one other.  Sheep were randomly allocated to each pen upon first introduction to 
this environment and thereafter each individual was returned to this pen.   
 
5.2.3.  Nutrition and experimental groups 
BCS provides an adiposity score from assessment by palpation of the 
prominence and degree of cover of the spinous and transverse processes of the anterior 
lumbar vertebrae, scale 1 (emaciated) to 5 (extremely obese) (Russel et al. 1969). 
Individuals were randomly allocated to two nutrition groups (BCS 1.5 and BCS 3.5) and 
were fed one of two feeds (high and low nutrition; see below) accordingly.  Econofeed
® 
pellets (Milne Feeds, Western Australia) were fed to low nutrition group: crude protein 
(min) 11.0 %, crude fibre (max) 35.0 %, metabolisable energy 9.1 MJ/kg.  EasyOne
®   104 
pellets (Milne Feeds) were fed to the high nutrition group: crude protein (min) 14.5 %, 
crude fibre (max) 20.0 %, metabolisable energy 11.0 MJ/kg.  Sheep were fed once a 
day, in the morning.  Once a week, sheep were also given ad libitum access to hay.  
Sheep were weighed and BCS measured weekly and the amount of feed given to each 
sheep was adjusted based on the individual’s current and target BCS. 
Once sheep reached their desired BCS in January they underwent their first 
transport journey.  A random selection of eight BCS 1.5 animals were subsequently 
switched to a high nutrition diet aiming to increase BCS to 3.5; the remaining eight 
individuals were maintained on the Econofeed diet at around BCS 1.5.  Likewise, a 
random selection of eight BCS 3.5 were switched to the low nutrition diet to reduce 
BCS to 1.5; the remaining eight individuals were maintained on the EasyOne diet at 
around BCS 3.5.  Diets for the increasing and decreasing BCS groups were changed 
over gradually (to minimise incidence of lactic acidosis) by mixing an increasing 
proportion of the new diet into their ration over 8 weeks.   
Sheep underwent their second transport event at the end of March, and at the 
completion of the experiment, sheep were paddocked as one group over four months.  In 
June, sheep were returned to their individual pens and assigned to their original (BCS 
1.5 and BCS 3.5) groups.  The experiment was repeated as described above, with the 
first transport journey in July and the final transport journey in October. 
 
5.2.4.  Transport and environmental measures 
Sheep were transported in 2 groups for each transport event.  Each group 
included a balanced number from each treatment group; within this constraint, sheep 
were randomly allocated to a transport group at the start of the experiment and 
transported in the same groups over subsequent events.  The second group were 
transported immediately after the first group had returned.  On transport days, sheep   105 
were fed upon return to the animal house.  Sheep were transported and environmental 
factors measured as per Chapter 2.  
 
5.2.5.  Physiological measurements 
Measurements of core body temperature and blood variables were taken.  These 
measurements and statistical analysis are described in detail in Chapter 2.  The data for 
core body temperature and blood variables were normally distributed.  Physiological 
variables were measured before and after transport.  In order to determine changes in 
concentrations of hormones, metabolites and haematological variables and the change in 
core body temperature, values measured after transport were divided by values measured 
before transport, giving the change in the blood variable, and core body temperature 
from before to after transport. 
 
5.2.6.  Qualitative Behavioural Assessment (QBA) 
Video footage was recorded and subsequent editing was performed as per the 
methodology described in Chapter 2.  All the focal sheep were clearly visible in the 
video footage from all transport trips.  Clips were not chosen blind, i.e. the clips were 
chosen knowing which treatment the sheep had undergone.  One clip (20 to 60 seconds 
long) of each individual was chosen from each experimental journey during the first 15 
minutes after departure.  Each observer was required to attend 3 sessions (sessions 1 to 
3).  In session 2 (quantification) observers watched 32 clips of individual sheep from the 
experimental transport trips and quantified each sheep for every term.  The observer 
scores were analysed using Generalised Procrustes Analysis (GPA).  A detailed 
description of the QBA methodology can be found in Chapter 2.  
It is possible that seasonal effects would be compounded with habituation effects 
in this experimental design.  This is an inevitable and unavoidable consequence of long-  106 
term housing and individual feeding in order to manipulate BCS.  Therefore, 
comparison of time of year effects for the different responses they induce from different 
BCS groups was made.  The effects of season are therefore only relevant in light of 
differential responses by each body condition group. 
The clips selected addressed each of the two hypotheses being tested: 
H1.  Sheep of high body condition (on a static plane of nutrition) will exhibit 
the same behavioural expression as sheep of low body condition (on a 
static plane of nutrition), irrespective of day length. Video footage of the 
BCS 1.5 and BCS 3.5 sheep was compared for the January and July 
transport events (Figure 5.1). 
H2.  Sheep of decreasing body condition (decreasing from high to low BCS) 
will exhibit the same behavioural expressions as sheep increasing in 
body condition (increasing from low to high BCS), irrespective of day 
length. Video footage of the decreasing-BCS and increasing-BCS groups 
were compared for the March and October transport events (Figure 5.2). 
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Figure 5-1.  Change in BCS for each group of sheep between November and April 
(decreasing day length).   
Vertical lines indicate points at which transport events were carried out.  For the first 
hypothesis ‘sheep of high body condition (on a static plane of nutrition) will exhibit the 
same behavioural expression as sheep of low body condition (on a static plane of nutrition), 
irrespective of day length’, video footage of the BCS 1.5 and BCS 3.5 sheep was compared 
for the January (1a) and July (1b) transport events.   
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Figure 5-2.  Change in BCS for each group of sheep between June and October (increasing 
day length).   
Vertical lines indicate points at which transport events were carried out.  For the second 
hypothesis ‘sheep of decreasing body condition (decreasing from high to low BCS) will 
exhibit the same behavioural expressions as sheep increasing in body condition (increasing 
from low to high BCS), irrespective of day length’, video footage of the decreasing-BCS 
and increasing-BCS groups were compared for the March (2a) and October (2b) transport 
events (BCS: Decreasing BCS March: 2.3 ± 0.08; Decreasing BCS October: 1.8 ± 0.08; 
Increasing BCS March: 2.6 ± 0.14; Increasing BCS October: 2.8 ± 0.07) 
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5.3.  Results 
 
5.3.1.  Qualitative behavioural assessment 
Twenty-five observers, 4 male (16 %) and 21 female (84 %), were recruited for 
the study.  An average of 17 ± 6 words (range 9 to 31) was generated across the 
observers.  None of the measured physiological variables had values outside ‘normal’ 
ranges (Teare, 2002). 
 
H1. Sheep of high body condition (on a static plane of nutrition) will exhibit the 
same behavioural expression as sheep of low body condition (on a static plane of 
nutrition), irrespective of day length 
The GPA consensus profile explained 38.56 % of the variation among the 25 
observers, and this differed statistically from the mean randomised profile (t99 = 25.8, p 
< 0.001).  Three GPA dimensions each explained a total of >50% of the variation 
between animals (24 %, 21.6 % and 10.2 % respectively). 
Word charts were produced for each of the 25 observers.  Although we note that 
the three GPA axes have no absolute values, we have ascribed low and high GPA values 
for ease of comparison with other data (e.g. correlations).  GPA dimension 1 was 
characterised by terms such as ‘agitated’, ‘nervous’ and ‘uneasy’ on one end (low) of 
the axis and terms such as ‘calm’, ‘comfortable’ and ‘relaxed’ on the other (high) end of 
the axis.  GPA dimension 2 was characterised by terms such as ‘scared’, ‘frightened’ 
and ‘confused’ on one (low) end of the axis and terms such as ‘curious’, ‘comfortable’ 
and ‘inquisitive’ on the other (high) end of the axis.  GPA dimension 3 was 
characterised by terms such as ‘frustrated’, ‘anxious’ and ‘calm’ on one (low) end of the 
axis and terms such as ‘restless’, ‘nervous’ and ‘anxious’ on the other (high) end of the 
axis.  For a full list of terms for each dimension see Table 5.1.   110 
 
Table 5-1.  Terms with the greatest positive and negative correlations with GPA 
dimensions 1, 2 and 3 of the consensus profile for sheep of BCS 1.5 and 3.5 transported in 
January (decreasing day length) and July (increasing day length).   
When a term was used by multiple observers, values in parentheses give the number of 
observers using that term. 
Low values  High values 
GPA dimension 1 (24.0 %)   
Agitated (3), nervous, uneasy, startled, 
alarmed, edgy, wary, alert, afraid 
Calm (7), comfortable (4), relaxed (3), 
doesn’t care, stable, secure, acquiescent, 
accepting, quiet, squashed, happy, 
knowing, passive, patient, confident, 
tired, composed, obedient 
GPA dimension 2 (21.6 %)   
Scared (2), frightened (2), confused (2), 
stressed (2), nervous, afraid, tired, timid, 
submissive, jostled, lonely 
Curious (7), comfortable (6), inquisitive 
(6), confident (5), happy (5), sure (4), 
alert (2), certain, intrigued, calm, 
wondering, assertive, secure, composed, 
observant, aware, bemused, in control, 
bright, relaxed, searching, pushy, hungry, 
determined  
GPA dimension 3 (10.2 %)   
Frustrated (2), anxious (2), calm, sure, 
strong intent, persistent, certain, 
confident, lonely, stressed, tired, 
confused, exhausted, distressed, 
inquisitive 
Restless, nervous, anxious, confused, 
sedate 
 
 
Positions of individual sheep on the three GPA dimensions are shown in Figure 
5.3.  Sheep received statistically different scores on GPA dimension 1 for the two time 
points (time: F1,14 = 39.99, p <0.001): sheep transported in January (decreasing day 
length) were scored more ‘agitated’, ‘nervous’ and ‘uneasy’ than sheep transported in 
July (increasing day length), which were scored as more ‘calm’, ‘comfortable’ and 
‘relaxed’.  There was no significant effect of nutritional group on GPA dimension 1 
scores (nutrition: F1,14 = 0.11, p = 0.748) however there was a significant interaction 
effect (time x nutrition: F1,14 = 4.89, p = 0.04) with BCS 3.5 sheep have a greater   111 
difference in their behavioural expressions between January and July compared to BCS 
1.5 sheep.  There was also a significant interaction effect (time x nutrition: F1,14 = 9.89, 
p = 0.007) on GPA dimension 2, with BCS 1.5 sheep transported in July (increasing day 
length) scored statistically more ‘curious’, ‘comfortable’ and ‘inquisitive’ than when 
they were transported in January (decreasing day length); BCS 3.5 sheep were not 
different between the two transport events.  There was a significant interaction effect on 
GPA dimension 3 (time x nutrition: F1,14 = 31.6, p < 0.001): BCS 1.5 sheep transported 
in July (increasing day length) were scored as more ‘restless’, ‘nervous’ and ‘anxious’ 
than when they had been transported in January (decreasing day length) whilst the 
converse was true for BCS 3.5 sheep which were described as more ‘frustrated’, 
‘anxious’ and ‘calm’ when transported in July compared to January.   112 
   
 
Figure 5-3.  Positions of sheep within their treatments on GPA dimensions 1 and 2 (a) and 1 and 3 (b) for transport during January (decreasing day 
length) and July (increasing day length). 
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There were significant time effects for a number of physiological variables, 
indicating a different response to being transported in January compared with July 
(Tables 5.2 & 5.3).  Sheep transported in July demonstrated a greater decrease in plasma 
IGF-1 concentration after transport compared to when they had been transported in 
January (time: p<0.05).  Plasma insulin concentrations decreased after transport in 
January, but increased after transport in July (time: p<0.05).  There was a significant 
effect of time on haematocrit and RBC numbers: sheep transported in January showed 
decreased haematocrit and RBC due to transport compared to transport in July (time: 
p<0.01 for both haematocrit and RBC).  Similarly, lymphocyte numbers decreased after 
transport in January but increased in July (time: p<0.001).  Tcore was elevated during 
transport in July compared with Januray (time: p<0.05).  We note, however, that these 
time effects are likely due to habituation to handling and transport for the July compared 
with January transport events, coupled with additional wool growth as the experiment 
progressed.  As detailed in the methods, the focus of these results should therefore be on 
the differential effects of season upon the two BCS groups (Table 5.3), which we 
describe below. 
For both BCS 1.5 and BCS 3.5 sheep, β-OH concentrations decreased after 
transport in January, however when transported in July, only BCS 3.5 sheep 
demonstrated a decrease in β-OH after transport, resulting in a significant time x 
nutrition interaction (p<0.05).  A significant time x nutrition interaction was also 
observed for neutrophil numbers (p<0.05) and the N:L ratio (p<0.05).  Neutrophil 
numbers more than doubled after transport in January in BCS 3.5 sheep whilst no 
change was recorded for BCS 1.5; both groups demonstrated decreased neutrophil 
numbers after transport in July.   
Neither nutrition nor time had an effect on plasma leptin, cortisol, and glucose 
concentrations, or white blood cell and monocyte numbers (Tables 5.2 & 5.3).     114 
A number of physiological variables were statistically correlated with the GPA 
dimension scores (behavioural expression of the sheep).  Sheep described as more 
‘agitated’, ‘nervous’ and ‘uneasy’ (GPA dimension 1) and ‘scared’, ‘frightened’ and 
‘confused’ (GPA dimension 2) also had increased plasma IGF-1 concentrations 
(negative correlations with each GPA dimension) and decreased haematocrit and red 
blood cells numbers (positive correlations with each GPA dimension).  Sheep scored as 
more ‘agitated’, ‘nervous’ and ‘uneasy’ (GPA dimension 1) also had decreased plasma 
β-OH concentration and greater neutrophil numbers and neutrophil: lymphocyte ratio.  
Monocytes and lymphocytes were both negatively correlated with GPA dimension 3, 
where sheep described as more ‘frustrated’, ‘anxious’ and ‘calm’ had increased 
monocyte and lymphocyte numbers. 
Finally, body mass positively correlated with GPA dimension 1, showing that 
heavier sheep were described as more ‘calm’, ‘comfortable’ and ‘relaxed’ than lighter 
sheep (more ‘agitated’, ‘nervous’ and ‘uneasy’).  Actual BCS values for each sheep (i.e. 
individual values rather than nutrition treatment groups) were not correlated with any of 
the GPA dimensions.   115 
Table 5-2.  Mean (± 1 SD) of blood physiological variables and core body temperature (Tcore) for decreasing day length vs. increasing day length, BCS 
1.5 vs. 3.5 and before vs. after transport.   
Tcore (before): 40 min. at same time of day on non-transport day 
Tcore (during): 0-40 min. after departure 
 
  BCS 1.5  BCS 1.5  BCS 3.5  BCS 3.5 
  Decreasing day-length  Increasing day-length  Decreasing day-length  Increasing day-length 
  Before  After  Before  After  Before  After  Before  After 
Hormones             
     [Leptin] (ng/ml)   1.3 ± 0.4  1.4 ± 0.5  1.0 ± 0.5  0.9 ± 0.3  2.6 ± 0.4  2.4 ± 0.3  2.5 ± 0.3  2.3 ± 0.2 
     [Cortisol] (ng/ml)  41.7 ± 13.1  84.2 ± 39.4  30.0 ± 15.4  79.7 ± 31.7  47.7 ± 22.9  103.3 ± 42.8  42.8 ± 35.8  78.0 ± 23.6 
     [IGF-1] (ng/ml)  60.0 ± 18.6  60.9 ± 20.5  112.1 ± 42.7  80.1 ± 30.4  74.9 ± 17.0  74.4 ± 13.0  134.5 ± 30.1  97.7 ± 26.7 
     [Insulin] (µU/ml)  9.0 ± 2.7  7.3 ± 2.4  6.1 ± 2.2  8.3 ± 1.7  14.9 ± 5.5  12.6 ± 4.0  11.0 ± 4.4  12.3 ± 6.0 
     [β-OH] (mmol/L)  0.64 ± 0.25  0.34 ± 0.08  0.27 ± 0.03  0.29 ± 0.08  0.72 ± 0.23  0.42 ± 0.09  0.30 ± 0.07  0.22 ± 0.03 
     [Glucose] (mmol/L)  3.47 ± 0.24  4.21 ± 1.03  3.34 ± 0.29  4.54 ± 1.00  4.08 ± 0.33  4.89 ± 0.47  4.01 ± 0.37  4.73 ± 1.08 
Haematological variables                 
     Haematocrit  0.32 ± 0.02  0.30 ± 0.03  0.26 ± 0.02  0.27 ± 0.02  0.35 ± 0.03  0.31 ± 0.04  0.26 ± 0.01  0.27 ± 0.03 
     Red blood cell (x 10
12/L)  10.20 ± 0.62  9.37 ± 0.74  8.58 ± 0.68  9.04 ± 0.66  10.84 ± 0.82  9.60 ± 1.52  8.65 ± 0.76  8.84 ± 1.13 
     White blood cell (x 10
9/L)  7.29 ± 1.59  5.80 ± 1.94  7.66 ± 1.59  8.28 ± 2.18  7.46 ± 1.60  7.01 ± 1.45  7.17 ± 1.82  6.41 ± 1.17 
     Monocytes (x 10
9/L)  0.44 ± 0.14  0.25 ± 0.25  0.53 ± 0.33  0.65 ± 0.48  0.36 ± 0.17  0.43 ± 0.30  0.64 ± 0.44  0.72 ± 0.27 
     Neutrophils (x 10
9/L)  1.89 ± 0.72  1.87 ± 0.87  3.53 ± 1.02  2.77 ± 1.76  1.89 ± 0.61  2.86 ± 0.81  3.72 ± 1.39  2.55 ± 0.93 
     Lymphocyte (x 10
9/L)  4.56 ± 1.14  3.41 ± 1.31  2.32 ± 1.58  3.02 ± 2.32  4.79 ± 0.89  3.43 ± 1.00  1.80 ± 1.12  2.31 ± 0.84 
     Neutrophil: Lymphocyte  0.44 ± 0.18  0.59 ± 0.28  1.85 ± 1.12  1.17 ± 0.72  0.39 ± 0.07  0.89 ± 0.37  2.34 ± 1.57  1.22 ± 0.64 
  Before  During  Before  During  Before  During  Before  During 
     Tcore average (ºC)  38.93 ± 0.28  38.74 ± 0.19  39.06 ± 0.63  39.36 ± 0.34  39.38 ± 0.34  39.48 ± 0.29  39.42 ± 0.37  39.92 ± 0.27 
                 
     Weight (kg)  34.0 ± 1.1  39.4 ± 0.9  51.2 ± 1.3  41.7 ± 1.2 
     BCS  1.5 ± 0.1  1.6 ± 0.1  3.6 ± 0.1  3.2 ± 0.1 
                   116 
Table 5-3.  Significance of proportional changes of blood physiological variables and core body temperature (Tcore) for decreasing day length vs. 
increasing day length, BCS 1.5 vs. 3.5 and before vs. after transport.   
Statistically significant values are indicated in bold (*p<0.05, **p<0.01, ***p<0.005).  Correlation coefficients (r) for the relationship between each 
physiological measure and the GPA dimensions are also shown. (r30 (n-2) for all factors). 
 
  Nutrition  Day 
length 
Nutrition x day 
length interaction 
  GPA  
dimension 1 
GPA  
dimension 2 
GPA  
dimension 3 
Hormones & metabolites  Results of RM ANOVA p values    Correlation coefficients 
     [Leptin] (ng/ml)  0.115  0.478  0.559    0.095  -0.150  -0.102 
     [Cortisol] (ng/ml)  0.435  0.165  0.435    0.197  0.151  0.016 
     [IGF-1] (ng/ml)  0.928  <0.001  0.906    -0.326*  -0.308*  -0.095 
     [Insulin] (µU/ml)  0.328  0.014  0.264    0.144  0.153  0.095 
     [β-OH] (mmol/L)  0.021  <0.001  0.022    0.229  0.498**  0.118 
     [Glucose] (mmol/L)  0.428  0.463  0.320    -0.218  -0.058  0.192 
Haematological variables               
     Haematocrit  0.299  0.005  0.783    0.395*  0.376*  -0.113 
     Red blood cell (x 10
12/L)  0.157  0.003  0.986    0.435**  0.374*  -0.081 
     White blood cell (x 10
9/L)  0.828  0.064  0.078    0.020  0.158  0.248 
     Monocytes (x 10
9/L)  0.106  0.427  0.269    -0.095  0.033  -0.416** 
     Neutrophils (x 10
9/L)  0.028  <0.001  0.011    -0.557***  -0.163  0.206 
     Lymphocytes (x 10
9/L)  0.656  <0.001  0.200    0.092  0.071  -0.352* 
     Neutrophil: Lymphocyte  0.040  <0.001  0.017    -0.586***  -0.149  0.124 
               
     Tcore average (ºC)  0.063  0.018  0.766    -0.197  -0.228  -0.031 
               
     Weight          0.345*  0.202  -0.075 
     BCS          -0.044  0.065  0.144   117 
 
 
Figure 5-4.  Mean (± 1 SD) Tcore of sheep with BCS 3.5 and BCS 1.5 transported in January 
(decreasing day length) and July (Increasing day length). 
Both transport groups are combined. Reference value is taken at the same time of day one 
day before each transport event. 
 
H2. Sheep of decreasing body condition (decreasing from high to low BCS) will 
exhibit the same behavioural expressions to sheep increasing in body condition 
(increasing from low to high BCS), irrespective of day length 
The GPA consensus profile explained 34.45 % of the variation among the 25 
observers, and this differed statistically from the mean randomised profile (t99 = 18.9, p 
< 0.001).  The three main dimensions explained 27.9 %, 16.0 % and 8.6 % of the 
variation between animals. 
Word charts were produced for each of the 25 observers.  GPA dimension 1 was 
characterised by terms such as ‘nervous’, ‘confused’ and ‘timid’ on one end (low) of the 
axis and terms such as ‘curious’, ‘inquisitive’ and ‘comfortable’ on the other end of the 
axis.  GPA dimension 2 was characterised by terms such as ‘alert’, ‘confused’ and 
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‘worried’ on one end of the axis and ‘relaxed’, ‘calm’ and ‘comfortable’ on the other 
end.  GPA dimension 3 was characterised by terms such as ‘confident’, ‘curious’ and 
‘scared’ on one end of the axis and terms such as ‘frustrated’, ‘depressed’ and ‘curious’ 
on the other end of the axis. For a full list of terms for each dimension see Table 5.3. 
Positions of individual sheep on the three GPA dimensions are shown in Figure 
5.4.  There were no significant differences between treatment groups on any of the three 
GPA dimensions (GPA 1: F1,14 = 1.54, p = 0.24; GPA 2: F1,14 = 1.23, p = 0.29; GPA 3: 
F1,14 = 0.50, p = 0.49).   119 
Table 5-4.  Terms with the greatest positive and negative correlations with GPA 
dimensions 1, 2 and 3 of the consensus profile for sheep with an increasing and decreasing 
BCS transported in March (decreasing day length) and October (increasing day length).   
When a term was used by multiple observers, values in parentheses give the number of 
observers using that term. 
 
Low values   High values  
GPA dimension 1 (27.9 %)   
Nervous (3), confused (3), timid (2), 
worried (2), concerned, annoyed, stressed, 
agitated, crowded, lost, frustrated, sedate, 
scared, edgy, squashed 
Curious (8), inquisitive (6), comfortable 
(5), confident (4), interested (3), happy (2), 
bored (2), alert (2), calm (2), secure (2), 
sure (2), certain, hungry, complacent, 
bemused, fine, laid back, determined, 
quizzical, intrigued, searching, wondering, 
unfazed 
GPA dimension 2 (16.0 %)   
Alert (4), confused (3), worried (2), 
anxious (2), wary (2), nervous (2), 
agitated, concerned, scared, wondering, 
disorientated, determined, excited, 
assertive, uneasy 
 
Relaxed (5), calm (4), comfortable (2), 
bored (2), certain, docile, placid, happy, 
carefree, passive, quiet, tired 
GPA dimension 3 (8.6 %)   
Confident (2), curious (2), scared, 
frightened, calm, nervous, assertive 
Frustrated, depressed, curious, hungry 
   120 
 
Figure 5-5.  Positions of sheep within their treatments on GPA dimensions 1 and 2 (a) and 1 and 3 (b) for transport during March (decreasing day 
length) and October (increasing day length). 
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There was no significant time x nutrition interaction effect for physiological data 
in this experimental study, and only two variables demonstrated a significant effect of 
nutritional status (Tables 5.5 & 5.6).  Plasma leptin concentration demonstrated both 
nutritional and time effects: both groups showed decreases in plasma leptin 
concentration after transport in October compared with March (time: p<0.05), and 
demonstrated differences due to nutritional state, decreasing for increasing-BCS sheep 
but increasing for decreasing-BCS sheep (nutrition: p<0.01).  Tcore was greater for sheep 
transported in October compared with March (time: p<0.001) and was greater during 
transport in decreasing-BCS sheep compared with increasing-BCS sheep (nutrition: 
p<0.05) (Fig. 5.5).   
Time had a significant impact on other physiological variables.  There was a 
greater increase in plasma insulin and glucose concentrations after transport in October 
(time: p<0.05 and p<0.01, respectively) compared to March.  β-OH concentration was 
not affected by transport in October but decreased after transport in March (time: 
p<0.001).  Eosinophil, monocyte and lymphocyte numbers all decreased after transport 
in March but increased after transport in October (time: p<0.05).  Neutrophil numbers 
and the N:L ratio were both greater after transport in March but were less after transport 
in October (time: p<0.05). 
Only two physiological variables correlated with GPA dimensions.  Plasma 
leptin correlated positively with GPA dimension 1 and basophil numbers correlated 
negatively with GPA dimension 3.  Therefore, sheep described as ‘curious’, ‘inquisitive’ 
and ‘comfortable’ (GPA dimension 1) had increased plasma leptin concentrations while 
sheep described as ‘confident’, ‘curious’ and ‘scared’ (GPA dimension 3) had increased 
basophil numbers.  122 
Table 5-5.  Mean (± 1 SD) of blood physiological variables and core body temperature (Tcore) for decreasing day length vs. increasing day length, 
increasing BCS vs. decreasing BCS and before vs. after transport.   
Tcore (before): 40 min. at same time of day on non-transport day 
Tcore (during): 0-40 min. after departure 
 
  Increasing BCS  Increasing BCS  Decreasing BCS  Decreasing BCS 
  Decreasing day-length  Increasing day-length  Decreasing day-length  Increasing day-length 
  Before  After  Before  After  Before  After  Before  After 
Hormones             
     [Leptin] (ng/ml)   2.4 ± 0.6  2.2 ± 0.5  1.8 ± 0.3  1.6 ± 0.3  1.5 ± 0.2  1.6 ± 0.2  1.4 ± 0.4  1.3 ± 0.4 
     [Cortisol] (ng/ml)  24.9 ± 17.4  86.5 ± 44.3  30.4 ± 15.6  133.1 ± 52.7  24.1 ± 14.4  71.4 ± 19.4  27.9 ± 21.2  135.8 ± 57.9 
     [IGF-1] (ng/ml)  96.2 ± 28.5  96.5 ± 19.3  111.6 ± 31.7  100.4 ± 31.2  80.8 ± 19.8  77.4 ± 20.5  74.8 ± 19.7  71.6 ± 24.8 
     [Insulin] (µU/ml)  10.7 ± 3.8  12.9 ± 4.1  6.8 ± 3.6  11.6 ± 4.2  7.5 ± 2.2  8.9 ± 3.1  4.2 ± 1.5  8.8 ± 3.2 
     [β-OH] (mmol/L)  0.64 ± 0.19  0.48 ± 0.10  0.27 ± 0.07  0.31 ± 0.09  0.52 ± 0.20  0.37 ± 0.07  0.23 ± 0.05  0.23 ± 0.04 
     [Glucose] (mmol/L)  3.26 ± 0.20  4.58 ± 0.71  3.54 ± 0.19  5.43 ± 1.15  3.32 ± 0.19  4.48 ± 0.78  3.23 ± 0.11  4.97 ± 0.94 
Haematological variables                 
     Haematocrit  0.34 ± 0.03  0.33 ± 0.03  0.37 ± 0.03  0.37 ± 0.03  0.35 ± 0.04  0.33 ± 0.02  0.37 ± 0.02  0.37 ± 0.05 
     Red blood cell (x 10
12/L)  9.73 ± 1.27  9.57 ± 1.05  9.85 ± 1.03  9.81 ± 1.00  10.28 ± 1.37  9.81 ± 0.68  10.20 ± 0.77  10.28 ± 1.33 
     White blood cell (x 10
9/L)  5.76 ± 1.63  5.88 ± 1.45  5.64 ± 1.18  5.69 ± 1.21  5.79 ± 1.38  5.47 ± 1.45  6.07 ± 1.02  5.99 ± 1.31 
     Monocytes (x 10
9/L)  0.24 ± 0.09  0.16 ± 0.07  0.14 ± 0.05  0.24 ± 0.13  0.19 ± 0.12  0.16 ± 0.09  0.12 ± 0.11  0.20 ± 0.18 
     Neutrophils (x 10
9/L)  1.58 ± 0.55  1.88 ± 0.39  2.52 ± 0.39  1.52 ± 0.24  1.49 ± 0.52  1.76 ± 0.56  1.92 ± 1.07  1.30 ± 0.47 
     Lymphocyte (x 10
9/L)  3.44 ± 0.99  3.39 ± 0.80  2.66 ± 1.24  3.53 ± 1.09  3.66 ± 0.82  3.19 ± 0.90  3.76 ± 0.66  4.15 ± 0.88 
     Neutrophil: Lymphocyte  0.47 ± 0.12  0.56 ± 0.08  1.19 ± 0.71  0.46 ± 0.15  0.41 ± 0.10  0.57 ± 0.19  0.56 ± 0.42  0.32 ± 0.10 
  Before  During  Before  During  Before  During  Before  During 
     Tcore average (ºC)  39.32 ± 0.27  39.35 ± 0.28  39.03 ± 0.22  39.82 ± 0.32  38.76 ± 0.32  39.21 ± 0.33  38.78 ± 0.39  39.83 ± 0.34 
                 
     Weight (kg)  48.3 ± 1.1  59.6 ± 1.1  41.8 ± 0.6  48.2 ± 1.1 
     BCS  2.6 ± 0.1  2.8 ± 0.1  2.2 ± 0.1   2.0 ± 0.1 
                   123 
Table 5-6.  Significance of proportional changes of blood physiological variables and core body temperature (Tcore) for decreasing day length vs. 
increasing day length, increasing BCS vs. decreasing BCS and before vs. after transport.  
Statistically significant values are indicated in bold (*p<0.05, **p<0.01, ***p<0.005).  Correlation coefficients (r) for the relationship between each 
physiological measure and the GPA dimensions are shown. (r30 (n-2) for all factors). 
  Nutrition  Day 
length 
Nutrition x day 
length interaction 
  GPA  
dimension 1 
GPA  
dimension 2 
GPA  
dimension 3 
Hormones & metabolites  Results of RM ANOVA p values    Correlation coefficients 
     [Leptin] (ng/ml)  0.001  0.014  0.093    0.319*  0.277  -0.045 
     [Cortisol] (ng/ml)  0.804  0.461  0.147    0.066  -0.094  -0.037 
     [IGF-1] (ng/ml)  0.610  0.378  0.467    -0.031  -0.104  0.139 
     [Insulin] (µU/ml)  0.610  0.015  0.918    0.084  -0.057  -0.079 
     [β-OH] (mmol/L)  0.251  <0.001  0.133    0.076  -0.079  -0.174 
     [Glucose] (mmol/L)  0.837  0.002  0.465    0.031  0.123  0.105 
Haematological variables               
     Haematocrit  0.450  0.445  0.799    0.132  -0.028  -0.081 
     Red blood cell (x 10
12/L)  0.549  0.502  0.686    0.110  -0.025  -0.042 
     White blood cell (x 10
9/L)  0.256  0.846  0.522    -0.231  -0.105  -0.209 
     Basophils (x 10
9/L)  0.944  0.302  0.483    -0.003  0.049  -0.303* 
     Eosinophils (x 10
9/L)  0.172  0.006  0.811    -0.231  -0.003  -0.066 
     Monocytes (x 10
9/L)  0.199  0.030  0.379    0.096  0.122  -0.202 
     Neutrophils (x 10
9/L)  0.565  <0.001  0.239    -0.156  0.018  -0.089 
     Lymphocytes (x 10
9/L)  0.099  <0.001  0.259    -0.032  -0.108  -0.032 
     Neutrophil: Lymphocyte  0.069  <0.001  0.335    -0.067  0.103  -0.032 
               
     Tcore average (ºC)  0.017  <0.001  0.489    0.070  -0.127  0.018 
               
     Weight          -0.229  -0.211  0.138 
     BCS          -0.073  -0.102  0.128   124 
 
 
Figure 5-6.  Mean (± 1 SD) Tcore of sheep with BCS 1.5 increase and BCS 3.5 decrease 
transported in March and April. 
Both transport groups are combined. Reference value is taken at the same time of day one 
day before each transport event. 
 
5.4.  Discussion 
Observers reached consensus in how they scored the behavioural responses of 
sheep of different nutritional status to a short transport event.  Furthermore, there were 
significant differences in the response of BCS 1.5 and BCS 3.5 sheep to being 
transported in January or July.  Observers described BCS 1.5 sheep as more ‘curious’, 
‘comfortable’ and ‘inquisitive’ (GPA dimension 2) or ‘restless’, ‘nervous’ and ‘anxious’ 
(GPA dimension 3) when transported in July compared to January.  BCS 3.5 sheep were 
described as more ‘calm’, ‘comfortable’ and ‘relaxed’ (GPA dimension 1) or more 
‘frustrated’, ‘anxious’ and ‘calm’ (GPA dimension 3) when transported in July 
compared to January.   These data suggest that sheep were differentially affected by 
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their body condition score and day length when subjected to a stressor (transport).  It 
could also be possible that the sheep were resonding to differences in climate between 
January and July.  It is colder and wetter in July compared to January in Western 
Australia, and therefore conditions on the truck could have been worse (more cold and 
more wet) in July.  In addition, the sheep may have more negative terms in July as they 
were anitcipating the transport trips compared to January where the transport trips were 
novel.  This indicates that anticipation of a somewhat negative experience can influence 
their behavioural expression.  This result for BCS 3.5 sheep does not support the notion 
that fatter sheep respond worse to transport than thinner sheep, nor that sheep appear to 
be worse when transported during a period of increasing day length (July transport) 
compared with decreasing day length (January transport).  
Although they reached consensus in their assessment of the sheep’s behavioural 
expression, observers were not able to distinguish between sheep of an increasing- or 
decreasing-BCS transported either during March (decreasing day length) or October 
(increasing day length).  Observers therefore identified differences between animals 
rather than differences due to treatment effects.  The average BCS of the two groups 
were similar at the time of transport, although there were physiological differences 
between the two treatment groups (e.g. plasma leptin concentrations were statistically 
different) and the increasing-BCS sheep were receiving double the amount of feed than 
the decreasing-BCS sheep.  Since there were no behavioural differences observed 
between these two groups, it appears that feed amount has no influence of the behaviour 
of sheep during transport.   
There was a stronger effect of ‘season’ (i.e. increasing or decreasing day length) 
on the physiological variables than nutritional status in both experiments.  However, as 
noted before, it was not possible to distinguish seasonal effects in this experimental 
design, as there was a possible confounding factor of habituation between seasons.    126 
Sheep transported during the increasing daylength period had encountered a number of 
transport trips before, whereas during the decreasing daylength period, transport was 
still a fairly novel experience.  In addition to the habituation effect, we noted differences 
in wool growth and health status of our animals which changed over time.  The increase 
in Tcore found in sheep transported in July and October (compared with January or 
March, respectively) is likely due to the fleece length.  Sheep were shorn once, before 
the start of the study, and had ~1 cm of wool in January, ~5 cm in July and ~9cm in 
October.  Additionally, around August, the sheep were diagnosed with an infestation of 
Oestrus ovis (nasal bots) and all individuals were treated with Ivermectin.  It has been 
shown that nasal bots cause eosinophilia (Yacob et al., 2002) so the decrease observed 
here from March to October could be due to the eradication of the nasal bots and not due 
to effects of day length.   
It is interesting to note, that the pre-transport changes in physiological 
measurements in these animal, especially in those studied in January, are much less than 
those in previous studies (Chapter 3 and 4).  This is prehaps due to the greater handling 
of these animals prior to the start of the study.  These animals had been previously 
transported (i.e. from farm to sale yard and again to Murdoch University) and had also 
been shorn, which involves increased handling.  In addition, these animals were 
individually housed, compared to the group housing of animals in the previous studies, 
and hence each one had more exposure to human contact. 
 
5.4.1.  Correlations between the behavioural assessment and physiology 
The correlations between physiology and behaviour were marked for the first 
experiment (Tables 5.2 and 5.3), comparing sheep with BCS 1.5 or 3.5, but showed few 
correlations for the experiment comparing sheep of changing nutritional plane.  The 
correlations between observer scores and the neutrophil: lymphocyte ratio, monocyte   127 
number and IGF-1 concentrations (all greater in sheep transported in January), indicate a 
typical stress response (Kent, 1997; Jones & Allison, 2007).  β-OH was also correlated 
with observer scores.  β-OH has been associated with the utilisation or depletion of liver 
glycogen and lipid mobilisation (Todd et al., 2000) and is usually noted after a period of 
feed and water withdrawal.  In this study BCS 1.5 sheep had increased β-OH 
concentrations when transported in July compared to January.  There was not an 
excessive period of feed and water withdrawal in this study and all sheep were 
transported under the same conditions, with feed times the same for all sheep.  However 
it would be expected that sheep of differing body condition would have different 
concentrations of β-OH, and depending on how high or low these concentrations are 
there may be an impact on the capacity for them to change during transport, or the 
capacity to detect significant changes. 
 
5.4.2.  Conclusions 
There was consensus in the ability of observers to interpret the behavioural 
expressions of sheep with differing BCS’s being road transported at different times of 
the year.  Observers were able to distinguish between sheep transported in July 
(increasing day length) compared to January (decreasing day length) and between BCS 
1.5 and 3.5 sheep.  However observers found no differences in the behavioural 
expression of sheep with increasing and decreasing BCS transported at different times of 
the year.  This suggests that behavioural responses are less affected by feeding rates (i.e. 
where BCS is heading: increasing, decreasing or stable) than actual BCS at the time.  
This is supported by Caldeira et al. (2007), who found that hormone and metabolite 
concentrations of non-pregnant non-lactating ewes showed that the ewes could easily 
manage their body reserves between a BCS of 2 and 3.5, and that metabolic welfare 
(minimal metabolic disturbance) was observed in ewes with a BCS of between 2.5 and   128 
3, whilst metabolic disturbances occured in ewes with a BCS below 1.5 or above 3.5.  
Finally, the behavioural expression scores demonstrated significant correlations with 
numerous physiological variables in a manner that was consistent with the interpretation 
that the behavioural expression of sheep reflected their current physiological state.  In 
this study, QBA successfully quantified the behavioural responses of sheep of differing 
BCSs to transport at different times of the year.   129 
Chapter 6.  Does body condition influence behavioural 
expression in sheep?  2. Qualitative behavioural assessment 
as a measure of response to transport after fasting 
 
6.1.  Introduction 
 
In a previous study (Chapter 5) qualitative behavioural assessment (QBA) was 
used to quantify the behavioural expression of sheep with differing nutritional status 
(BCS) transported at different times of the year (increasing and decreasing day length).  
That study indicated that human observers were able to distinguish between sheep 
transported in July (increasing day length) compared to January (decreasing day length) 
and between BCS 1.5 and 3.5 sheep, based on their behavioural expression.  However, 
observers did not detect significant differences in the behavioural expression of sheep 
that had similar BCS but were on an increasing or decreasing plane of nutrition before 
being transported at these two times of the year.  There were also significant correlations 
between physiological measurements and the behavioural interpretations.  That previous 
study (Chapter 5) investigated the effects of a chronic stress (nutritional status) in 
conjunction with an acute stress (transport).  However, under commercial transport 
conditions, feed and water are usually withheld before transportation for a varying 
number of hours, providing another stressor for the animals to cope with (Shorthose, 
1977; Hogan et al., 2007).   
Feed and water withdrawal (FWD) before transport has two main aims: to reduce 
digesta load in the gut and therefore reduce defecation on trucks and in saleyards; and to 
allow a more accurate prediction of carcass weight where animal are sold by live weight   130 
(Hogan et al.,  2007).  Short-term food deprivation is detrimental to lambs (Cole & 
Hutcheson, 1988), and transport can further exacerbate the adverse effects of fasting.  
This is possibly due to changes in rumen fermentation and blood chemistry (Crookshank 
et al., 1979).  Kent (1997) found that sheep respond more to lack of feed during 
transport than lack of water.  Hogan et al. (2007) also found that feed and water 
withdrawal is associated with sheep having increased concentrations of plasma cortisol. 
Arguably, FWD may differentially affect sheep depending on their species, age, 
physiological state, and pre-transport access to feed and water (Fisher et al. 2009).  
Body condition score (BCS) can affect the physiological state of the animal.  Caldeira et 
al. (2007) found that metabolic disturbances occur in non-pregnant non-lactating ewes 
with a BCS below 1.5 and above 3.5, whilst ewes with a BCS between 2.5 and 3 have 
minimal metabolic disturbances.  Journey conditions can also be influence how sheep 
cope with FWD during transport.  Cold conditions, such as during a period of increasing 
day length (July/winter) can exacerbate the effects of feed withdrawal because animals 
are mobilising energy reserves to maintain body temperature, whilst hot conditions, such 
as during a period of decreasing day length (January/summer) can increase the risk of 
dehydration (Fisher et al. 2009).  However, ruminants tend to cope better with periods 
of water withdrawal compared to monogastrics because the amount of water contained 
within the rumen provides some buffering capacity against dehydration during the 
journey (Fisher et al. 2009).   
Feed and water withdrawal could also lead to a negative emotional state in 
sheep, as well as a negative energy balance resulting from dehydration, ion depletion, 
energy depletion, and protein catabolism (Schaefer et al., 2001), which could amplify 
the effects of a stressor.  For example, when rodents are in a negative emotional state 
their startle response when exposed to a sudden event occurs faster and with greater 
amplitude (Lang et al., 1998).  People in a negative emotional state also respond more   131 
negatively towards ambiguous stimuli than happier people, and this cognitive bias also 
occurs in animals (Mendl, 2009; Doyle et al., 2010).  Sheep that were restrained and 
isolated for 6 hours were found to have a more positive emotional state and approach a 
bucket near a calm, tethered dog more times than control sheep (unrestrained and non-
isolated) (Doyle et al., 2010).  Doyle et al. (2010) concluded that this finding was due to 
an altered risk threshold in the restrained and isolated sheep which may have found the 
threat of the dog less aversive than compared to the restraint and isolation treatment.   
Highly motivating behaviour, such as feeding, are rewarding and therefore being 
deprived of them is a severe stressor (Boissy et al., 2007).  Finding and consuming feed 
and water is an appetitive behaviour (an instinctive physical desire) and has been 
associated with high arousal positive motions (Keeling, 2009) and mesolimbic 
dopamine (Boissy et al., 2007).  The dopaminergic systems are sensitised by stress 
(Cabib & Puglisi-Allegra, 1996) and some stressors can amplify the animals’ need for 
self-rewarding behaviour (Cronin et al., 1985).  If feed is not available then other self-
rewarding behaviour may manifest, such as increased locomotion, sexual activity or 
self-grooming (Boissy et al., 2007).   
The physiological effects of feed and water withdrawal include decreases in 
IGF-1 concentrations (Clemmons et al., 1981; Maes et al., 1983) and beta-hydroxy-
butyrate (BHB) concentrations (Annison et al., 1967; Bouchat et al., 1980; Knowles et 
al., 1996; Kent, 1997).  Leptin concentrations also change with nutritional status and 
body fat mass (Blache et al., 2000; Delavaud et al., 2000; Daniel et al., 2002; Morrison 
et al., 2002).  Leptin concentrations increase in conjunction with increases in body fat 
mass (Blache et al., 2000; Delavaud et al., 2000; Morrison et al., 2002) and are 
influenced by nutritional status such as fasted and fed conditions (Daniel et al., 2002).  
Fat ewes demonstrate significantly greater leptin concentrations than thin ewes, and fed 
ewes demonstrate significantly greater concentrations of leptin than fasted ewes (Daniel   132 
et al., 2002).  However, whilst there have been numerous studies on the physiological 
effects of feed and water withdrawal before transport (e.g. Fernandez et al., 1996; 
Cockram et al., 2000; Fisher et al., 2009; Vogel et al., 2011), there have been very few 
concentrating on the behavioural expression of the animals.  Therefore, the aim of the 
present study was to determine whether sheep of different background nutritional states 
demonstrate obvious differences in behavioural expression during road transport before 
and after FWD, tested in two seasons (shortening day length, and lengthening day 
length).  The following hypotheses were tested: 
H1.  During a period of decreasing day length, sheep of decreasing body 
condition (decreasing from high to low BCS) will exhibit the same 
behavioural expressions as sheep of low body condition (on a static plane of 
nutrition), irrespective of fasting state. 
H2.  During a period of increasing day length, sheep of increasing body 
condition (increasing from low to high BCS) will exhibit the same 
behavioural expressions as sheep of high body condition (on a static plane 
of nutrition), irrespective of fasting state. 
H3.  During a period of increasing day length, sheep of high body condition (on 
a static plane of nutrition) will exhibit the same behavioural expressions as 
sheep of low body condition (on a static plane of nutrition), irrespective of 
fasting state. 
Physiological data were also collected to investigate further the correlations 
between the behavioural expression and the physiology of the animal. 
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6.2.  Methods 
 
6.2.1.  Animals 
Thirty-two Merino wethers (18 months of age; 35 ± 2.6 kg; BCS 1.6 ± 0.16) 
were sourced from a commercial sale-yard in Midland, Western Australia in November 
2008; all sheep were from the same mob.  These were the same animals as those used in 
the study investigating the influence of nutritional status on the behavioural expression 
of sheep (Chapter 5).  The first half of the experiment was conducted between January 
and April 2009 (Austral summer/autumn); a period of decreasing day length.  The 
second half of the experiment was conducted between July and October 2009 (Austral 
winter/spring); a period of increasing day length.  
 
6.2.2.  Housing 
Sheep were housed indoors in individual pens, at the Murdoch University 
Animal House so that they could be individually fed and monitored.  Each pen had ad 
libitum water supply and was adjoined to another pen so that each sheep had contact 
with at least one other.  Sheep were randomly allocated to each pen upon first 
introduction to this environment and thereafter each individual was returned to this pen.   
 
6.2.3.  Nutrition and experimental groups 
BCS provides an adiposity score from assessment by palpation of the 
prominence and degree of cover of the spinous and transverse processes of the anterior 
lumbar vertebrae, scale 1 (emaciated) to 5 (extremely obese) (Russel et al. 1969). 
Individuals were randomly allocated to two nutrition groups (BCS 1.5 and BCS 3.5) at 
the start of the experiment and were fed one of two feeds (high and low nutrition; see   134 
below) accordingly.  Econofeed
® pellets (Milne Feeds, Western Australia) were fed to 
the low nutrition group: crude protein (min) 11.0 %, crude fibre (max) 35.0 %, 
metabolisable energy 9.1 MJ/kg.  EasyOne
® pellets (Milne Feeds) were fed to the high 
nutrition group: crude protein (min) 14.5 %, crude fibre (max) 20.0 %, metabolisable 
energy 11.0 MJ/kg.  Sheep were fed once a day, in the morning.  Once a week, sheep 
were also given ad libitum access to hay.  Sheep were weighed and BCS measured 
weekly and the amount of feed given to each sheep was adjusted based on the 
individual’s current and target BCS. 
Once sheep reached their desired BCS (January) they underwent their first 
transport journey.  Subsequently, a random selection of eight BCS 1.5 animals were 
switched over to the high nutrition diet aiming to increase BCS to 3.5; the remaining 
eight individuals were maintained on the Econofeed diet at around BCS 1.5.  Likewise, 
a random selection of eight BCS 3.5 individuals were switched to the low nutrition diet 
to reduce BCS to 1.5; the remaining eight individuals were maintained on the EasyOne 
diet at around BCS 3.5.  Diets for the increasing and decreasing BCS groups were 
changed over gradually (to minimise incidence of lactic acidosis) by mixing an 
increasing proportion of the new diet into their ration over 8 weeks.   
Sheep underwent their second (pre-fast) transport event at the end of March.  
The following day, sheep were held off feed and water for a period of 36 hours 
(including the 1.5 hours of transport time) and underwent their third (post-fast) transport 
event.  Shere were subsequently paddocked as one group over four months.  In June, 
sheep were returned to their individual pens and assigned to their original (BCS 1.5 and 
BCS 3.5) groups.  The experiment was repeated as described above, with the first 
transport journey in July and the second (pre-fast) and third (post-fast) transport events 
in October. 
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6.2.4.  Transport and environmental measures 
Due to handling time and logistical contraints sheep were transported in 2 groups 
for each transport event.  Each group included a balanced number from each treatment 
group; within this constraint, sheep were randomly allocated to a transport group at the 
start of the experiment and transported in the same groups over subsequent events.  The 
second group were transported immediately after the first group had returned.  On 
transport days, sheep were fed upon return to the animal house.  Sheep were transported 
and environmental factors measured as per Chapter 2.  
 
6.2.5.  Physiological measurements 
Measurements were taken of core body temperature and blood variables.  A 
detailed description of these measurements and statistical analysis are described in detail 
in Chapter 2.  The data for core body temperature and blood variables were normally 
distributed.  Physiological variables were measured before and after transport.  In order 
to determine changes in concentrations of hormones, metabolites and haematological 
variables and the change in core body temperature, values measured after transport were 
divided by values measured before transport, giving the change in the blood variable, 
and core body temperature from before to after transport. 
 
6.2.6.  Qualitative Behavioural Assessment (QBA) 
Video footage was recorded and subsequent editing as per the methodology 
described in Chapter 2.  All the focal sheep were clearly visible in the video footage 
from all transport trips.  Clips were not chosen blind, i.e. the clips were chosen knowing 
which treatment the sheep had undergone.  One clip (20 to 60 seconds long) of each 
individual was chosen from each experimental journey during the first 15 minutes after 
departure.  Each observer was required to attend attend 4 sessions.  Each obsserver   136 
generated their own terms to decribe the behavioural expression of sheep after viewing 
13 clips during the term generation session (session 1).  In sessions 2 to 4 
(quantification) observers watched 32 clips of individual sheep from the experimental 
transport trips and quantified each sheep for every one of their terms.   
The clips selected addressed each of the three hypotheses being tested: 
H1.  During a period of decreasing day length, sheep of decreasing body 
condition (decreasing from high to low BCS) will exhibit the same 
behavioural expressions as sheep of low body condition (on a static plane 
of nutrition), irrespective of fasting state. Video footage of the 
decreasing-BCS and BCS 1.5 sheep was compared for the March and 
April transport events (Figure 6.1).   
H2.  During a period of increasing day length, sheep of increasing body 
condition (increasing from low to high BCS) will exhibit the same 
behavioural expressions as sheep of high body condition (on a static 
plane of nutrition), irrespective of fasting state. Video footage of the 
increasing-BCS and BCS 3.5 sheep was compared for the October 
transport events (Figure 6.1).   
H3.  During a period of increasing day length, sheep of high body condition 
(on a static plane of nutrition) will exhibit the same behavioural 
expressions as sheep of low body condition (on a static plane of 
nutrition), irrespective of fasting state. Video footage of the BCS 1.5 and 
BCS 3.5 groups were compared for the October transport events (Figure 
6.2). 
The observer scores were analysed using Generalised Procrustes Analysis (GPA).  
A detailed description of the QBA methodology can be found in Chapter 2.   137 
 
 
Figure 6-1.  Change in BCS for each group of sheep between November and April 
(decreasing day length).  
Vertical lines indicate points at which transport events were carried out.  For the first 
hypothesis ‘sheep of decreasing body condition (decreasing from high to low BCS) will 
exhibit different behavioural expressions to sheep of low body condition (on a static plane 
of nutrition), irrespective of fasting state during a period of decreasing day length’, video 
footage of the decreasing-BCS (BCS 2.3 ± 0.08) and BCS 1.5 sheep was compared for the 
pre-fast (March) (1a) and post-fast (April) (1b) transport events.   
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Figure 6-2.  Change in BCS for each group of sheep between June and October (increasing 
day length).  
Vertical lines indicate points at which transport events were carried out.  For the second 
hypothesis ‘during a period of increasing day length sheep of increasing body condition 
(increasing from low to high BCS) will exhibit the same behavioural expressions as sheep 
of high body condition (on a static plane of nutrition), irrespective of fasting state’, video 
footage of the increasing-BCS (BCS 2.8 ± 0.07) and BCS 3.5 sheep were compared for the 
pre-fast (October, 2a) and post-fast (October, 2b) transport events.  For the third 
hypothesis ‘during a period of increasing day length sheep of high body condition (on a 
static plane of nutrition) will exhibit the same behavioural expressions as sheep of low 
body condition (on a static plane of nutrition), irrespective of fasting state’, video footage 
of the BCS 3.5 and BCS 1.5 sheep were compared for the pre-fast (October (3a)) and post-
fast (October, 3b) transport events. 
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6.3.  Results   
 
6.3.1.  Qualitative behavioural assessment 
Twenty-five observers, 4 male (16 %) and 21 female (84 %), were recruited for 
the study.  An average of 17 ± 6 words (range 9 to 31) was generated across the 
observers.  None of the measured physiological variables had values outside ‘normal’ 
ranges (Tables 6.2, 6.5 and 6.8) (Teare, 2002). 
 
H1.  During a period of decreasing day length, sheep of decreasing body condition 
(decreasing from high to low BCS) will exhibit the same behavioural expressions as 
sheep of low body condition (on a static plane of nutrition), irrespective of fasting state. 
The GPA consensus profile explained 37.64 % of the variation among the 25 
observers, and this differed statistically from the mean randomised profile (t99 = 27.8, p 
< 0.001).  The first three dimensions explained 23.8 %, 20.9 % and 10.9 % of the 
variation between animals. 
Word charts were produced for each of the 25 observers.  Although the three 
GPA axes have no absolute values, they have been ascribed low and high GPA values 
for ease of comparison with other data (e.g. correlations).  GPA dimension 1 was 
characterised by terms such as ‘nervous’, ‘frightened’ and ‘confused’ on one end (low) 
of the axis and ‘confident’, ‘sure’ and ‘comfortable’ on the other end (high) of the axis.  
GPA dimension 2 was characterised by terms such as ‘curious’, ‘anxious’ and 
‘interested’ on one end (low) of the axis and ‘relaxed’, ‘passive’ and ‘quiet’ on the other 
end (high).  GPA dimension 3 was characterised by terms such as ‘crowded’, ‘scared’ 
and ‘nervous’ on one end (low) of the axis and terms such as ‘hungry’, ‘alone’ and   140 
‘isolated’ on the other end (high) of the axis.  For a full list of terms for each dimension 
see Table 6.1. 
 
Table 6-1.  Terms with the greatest positive and negative correlations with GPA 
dimensions 1, 2 and 3 of the consensus profile for sheep of BCS 1.5 and decreasing BCS 
transported pre-fast in March and post-fast in April (decreasing day length).   
When a term was used by multiple observers, values in parentheses give the number of 
observers using that term. 
Low values   High values  
GPA dimension 1 (23.8 %)   
Nervous (4), frightened (4), confused (4), 
stressed (3), afraid, concerned, tired, 
worried, scared, lost, cautious, edgy, 
depressed, timid, restless 
Confident (5), sure (4), comfortable (4), 
happy (4), calm (3), relaxed (2), 
inquisitive (2), unfazed, laid back, 
assertive, alert, content, pensive, certain, 
safe, coping, bored, knowing, secure, 
composed, hungry 
GPA dimension 2 (20.9 %)   
Curious (8), anxious (4), interested (4), 
alert (3), inquisitive (2), awards (2), 
worried (2), annoyed (2), agitated (2), 
assertive, cheeky, relaxed, intrigued, 
bright, perplexed, tense, restless, 
quizzical, intent, nervous, wary, 
bewildered, startled, questioning, excited, 
incredulous, comfortable, cautious, 
distressed, confident, observant, 
concerned 
 
Relaxed (2), passive (2), quiet (2), calm 
(2), scared, bored, disappointed, at ease, 
obedient, docile, sedate, confused 
GPA dimension 3 (10.9 %)   
Crowded (2), scared, nervous, confined, 
jostled, comfortable, squashed, secure, 
frightened, alert, watchful, pressured 
Hungry (2), alone, isolated, overcome, 
deserted, sad, searching, anxious, certain 
 
Positions of treatment groups on the three GPA dimensions are shown in Figure 
6.3.  On GPA dimension 1, there was a significant interaction effect (fasting x nutrition: 
F1,14 = 4.92, p = 0.04) with BCS 1.5 sheep scored as more ‘nervous’, ‘frightened’ and 
‘confused’ when transported post-fast compared to sheep with decreasing BCS scored as 
more ‘confident’, ‘sure’ and ‘comfortable’ when transported post-fast.  On GPA   141 
dimension 2, sheep received statistically different scores for the two nutritional groups 
(nutrition: F1,14 = 8.03, p = 0.01): sheep with BCS 1.5 were scored as more ‘relaxed’, 
‘passive’ and ‘quiet’ both pre- and post-fast than sheep with a decreasing BCS (pre- and 
post-fast), which were scored as more ‘curious’, ‘anxious’ and ‘interested’.  There were 
no signficiant differences in the positions of sheep on GPA dimension 3 (F1,14 = 1.37, p 
= 0.26). 
For the physiological data (Tables 6.2 & 6.3), there was a significant effect of 
nutritional groups on the change in plasma leptin concentration and haematocrit (HCT).  
Plasma leptin concentration decreased after transport for BCS 1.5 sheep whereas it 
increased for sheep with a decreasing BCS (p<0.05).  HCT also decreased after transport 
BCS 1.5 sheep and also for decreasing BCS sheep (p<0.05).  Fasting had a significant 
effect on plasma insulin concentration and basophil numbers.  Plasma insulin 
concentration increased after transport but this increase was greater in fasted sheep 
(p<0.05).  Basophil numbers decreased after transport in both pre- and post-fasted sheep 
(p<0.05).  There was no significant nutrition or fasting effect on Tcore (Figure 6.4). 
A number of physiological variables were statistically correlated with the GPA 
dimension scores (behavioural expression of the sheep).  Sheep described as more 
‘confident’, ‘sure’ and ‘comfortable’ (GPA dimension 1) had an increased monocyte 
response.  Sheep described as more ‘relaxed’, ‘passive’ and ‘quiet’ (GPA dimension 2) 
had an increased plasma cortisol response and a lower eosinophil response, and also had 
a lower actual BCS.  Sheep scored as more ‘hungry’, ‘alone’ and ‘isolated’ (GPA 
dimension 3) had increased plasma insulin and glucose responses and an increased 
eosinophil response.  142 
   
 
Figure 6-3.  Positions of sheep within their treatments on GPA dimensions 1 and 2 (a) and 1 and 3 (b) for transport pre-fast in March and post-fast in 
April (decreasing day length). 
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Table 6-2.  Mean (± 1 SD) of blood physiological variables and core body temperature (Tcore) for pre-fast vs. post-fast, BCS 1.5 vs. decreasing BCS and 
before vs. after transport. 
 
Tcore (before): 40 min. at same time of day on non-transport day 
Tcore (during): 0-40 min. after departure 
 
  BCS 1.5  BCS 1.5  Decreasing BCS  Decreasing BCS 
  Pre-fast  Post-fast  Pre-fast  Post-fast 
  Before  After  Before  After  Before  After  Before  After 
Hormones             
     [Leptin] (ng/ml)   1.2 ± 0.3  1.2 ± 0.2  0.9 ± 0.3  0.6 ± 0.1  1.5 ± 0.2  1.6 ± 0.2  1.1 ± 0.8  1.0 ± 0.3 
     [Cortisol] (ng/ml)  33.2 ± 24.8  75.2 ± 30.0  48.1 ± 45.4  89.4 ± 35.3  24.1 ± 14.4  71.4 ± 19.4  49.2 ± 37.0  58.5 ± 23.1 
     [IGF-1] (ng/ml)  91.3 ± 26.1  81.5 ± 28.9  88.4 ± 26.7  69.5 ± 23.9  80.8 ± 19.8  77.4 ± 20.5  91.2 ± 31.2  69.0 ± 11.5 
     [Insulin] (µU/ml)  6.9 ± 2.0  9.0 ± 2.8  3.6 ± 1.7  6.7 ± 2.1  7.5 ± 2.2  8.9 ± 3.1  3.6 ± 2.1  6.83 ± 2.9 
     [β-OH] (mmol/L)  0.46 ± 0.06  0.38 ± 0.08  0.23 ± 0.07  0.26 ± 0.07  0.52 ± 0.20  0.37 ± 0.07  0.28 ± 0.02  0.25 ± 0.06 
     [Glucose] (mmol/L)  3.32 ± 0.41  4.11 ± 0.56  3.04 ± 0.39  4.12 ± 1.09  3.32 ± 0.19  4.48 ± 0.78  2.78 ± 0.24  4.05 ± 0.37 
Haematological variables                 
     Haematocrit  0.34 ± 0.05  0.31 ± 0.02  0.34 ± 0.02  0.30 ± 0.03  0.35 ± 0.04  0.33 ± 0.02  0.32 ± 0.02  0.31 ± 0.04 
     Red blood cell (x 10
12/L)  9.74 ± 1.15  9.11 ± 0.53  10.17 ± 0.52  8.73 ± 0.67  10.28 ± 1.37  9.81 ± 0.68  10.08 ± 0.34  9.26 ± 1.08 
     White blood cell (x 10
9/L)  5.52 ± 1.54  5.36 ± 1.23  4.71 ± 0.77  5.08 ± 2.18  5.79 ± 1.38  5.47 ± 1.45  5.24 ± 1.01  5.22 ± 1.28 
     Monocytes (x 10
9/L)  0.23 ± 0.14  0.14 ± 0.08  0.24 ± 0.08  0.17 ± 0.09  0.19 ± 0.12  0.16 ± 0.09  0.31 ± 0.13  0.18 ± 0.13 
     Neutrophils (x 10
9/L)  1.28 ± 0.77  1.88 ± 0.64  1.16 ± 0.30  2.28 ± 2.20  1.49 ± 0.52  1.76 ± 0.56  1.42 ± 0.53  2.22 ± 1.10 
     Lymphocyte (x 10
9/L)  3.54 ± 0.76  3.08 ± 0.66  2.96 ± 0.77  2.40 ± 0.52  3.66 ± 0.82  3.19 ± 0.90  3.16 ± 0.69  2.57 ± 0.76 
     Neutrophil: Lymphocyte  0.35 ± 0.14  0.63 ± 0.19  0.43 ± 0.17  1.00 ± 0.96  0.41 ± 0.10  0.57 ± 0.19  0.47 ± 0.20  0.97 ± 0.59 
  Before  During  Before  During  Before  During  Before  During 
     Tcore average (ºC)  38.77 ± 0.39  39.02 ± 0.28  38.76 ± 0.35  38.94 ± 0.30  38.76 ± 0.32  39.21 ± 0.33  38.81 ± 0.28  39.06 ± 0.34 
                 
     Weight (kg)  38.2 ± 0.9 
 
41.8 ± 0.6 
 
     BCS  1.6 ± 0.1  2.2 ± 0.1 
                   144 
Table 6-3.  Significance of proportional changes of blood physiological variables and core body temperature (Tcore) for pre-fast vs. post-fast, BCS 1.5 vs. 
decreasing BCS and before vs. after transport. 
Statistically significant values are indicated in bold (*p<0.05, **p<0.01, ***p<0.005).  Correlation coefficients (r) for the relationship between each 
physiological measure, including individual weight and BCS, and the GPA dimensions are also shown. (r30 (n-2) for all factors). 
  Nutrition  Fasting  Nutrition x fasting 
state interaction 
  GPA  
dimension 1 
GPA  
dimension 2 
GPA  
dimension 3 
Hormones  Results of RM ANOVA p values    Correlation coefficients 
     [Leptin] (ng/ml)  0.047  0.748  0.152    -0.067  -0.286  -0.073 
     [Cortisol] (ng/ml)  0.575  0.324  0.607    -0.127  0.297*  0.035 
     [IGF-1] (ng/ml)  0.904  0.583  0.636    0.239  0.192  -0.015 
     [Insulin] (µU/ml)  0.795  0.043  0.789    -0.191  -0.078  0.354* 
Metabolites               
     [β-OH] (mmol/L)  0.164  0.091  0.320    0.075  0.194  -0.026 
     [Glucose] (mmol/L)  0.356  0.136  0.814    -0.202  -0.131  0.401* 
Haematological variables               
     Haematocrit  0.022  0.877  0.813    -0.072  -0.289  -0.044 
     Red blood cell (x 10
12/L)  0.171  0.094  0.565    -0.014  -0.058  -0.252 
     White blood cell (x 10
9/L)  0.365  0.627  0.986    0.083  -0.042  -0.055 
     Basophils (x 10
9/L)  0.592  0.032  0.758    -0.059  -0.066  0.237 
     Eosinophils (x 10
9/L)  0.097  0.589  0.375    -0.107  -0.325*  0.302* 
     Monocytes (x 10
9/L)  0.130  0.472  0.376    0.300*  0.106  -0.068 
     Neutrophils (x 10
9/L)  0.194  0.441  0.697    -0.079  0.001  -0.087 
     Lymphocytes (x 10
9/L)  0.375  0.082  0.910    0.116  -0.099  0.052 
     Neutrophil: Lymphocyte  0.535  0.214  0.606    -0.103  0.027  -0.124 
               
     Tcore average (ºC)  0.399  0.240  0.578    -0.088  0.008  0.069 
               
           Weight  0.077  -0.237  0.142 
           BCS  0.230  -0.441**  -0.089   145 
 
Figure 6-4.  Mean (± 1 SD) Tcore of sheep with BCS 1.5 and decreasing BCS transported 
pre-fast in March and post-fast in April (decreasing day length). 
Both transport groups  are combined. Reference value is taken at the same time of day one 
day before each transport event. 
 
H2. During a period of increasing day length, sheep of increasing body condition 
(increasing from low to high BCS) will exhibit the same behavioural expressions as 
sheep of high body condition (on a static plane of nutrition), irrespective of fasting state. 
The GPA consensus profile explained 38.18 % of the variation among the 25 
observers, and this differed significanlty from the mean randomised profile (t99 = 35.9, p 
< 0.001).  The first three dimensions explained 35.4 %, 16.3 % and 6.9 % of the 
variation between animals.   
Word charts were produced for each of the 25 observers.  GPA dimension 1 was 
characterised by terms such as ‘curious’, ‘alert’ and ‘inquisitive’ on one end (low) of the 
axis and terms such as ‘calm’, ‘docile’ and ‘passive’ on the other end (high) of the axis.  
GPA dimension 2 was characterised by terms such as ‘calm’, ‘happy’ and ‘comfortable’ 
on one end (low) of the axis and ‘nervous’, ‘scared’ and ‘distressed’ on the other end 
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(high).  GPA dimension 3 was characterised by terms such as ‘frightened’, ‘jumpy’ and 
‘distressed’ on one end (low) of the axis and terms such as ‘relaxed’ and ‘bored’ on the 
other end (high) of the axis. For a full list of terms for each dimension see Table 6.4. 
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Table 6-4.  Terms with the greatest positive and negative correlations with GPA 
dimensions 1, 2 and 3 of the consensus profile for sheep of increasing BCS and BCS 3.5 
transported pre- and post-fast October (increasing day length).   
When a term was used by multiple observers, values in parentheses give the number of 
observers using that term. 
 
Low values   High values  
GPA dimension 1 (35.4 %)   
Curious (12), alert (7), inquisitive (6), 
wondering (3), interested (3), confident 
(3), sure (3), comfortable (3), nervous (3), 
happy (2), concerned (2), aware (2), 
worried (2), searching (2), assertive (2), 
anxious (2), quizzical, disorientated, 
questioning, bewildered, incredulous, 
bright, intrigued, bored, excited, 
confused, safe, watchful, secure, certain, 
scared, troubled, tense, calm, alarmed, 
vulnerable, frustrated 
 
Calm (3), docile (2), passive (2), stressed 
(2), placid (2), nervous, accepting, 
acquiescent, compliant, certain, carefree, 
comfortable, confident, obedient, afraid, 
confused, patient, relaxed, sad, timid, 
squashed, content, wary, concerned, 
suspicious 
GPA dimension 2 (16.3 %)   
Calm (4), happy (3), comfortable (2), 
confident (2), relaxed (2), bored (2), 
composed, doesn’t care, docile, awaiting, 
content, passive, sure 
 
Nervous (5), scared (3), distressed (3), 
agitated (2), confused (2), frightened (2), 
edgy, frustrated, vulnerable, 
apprehensive, wary, tense, scattered, 
stressed, lost, worried, clingy, restless, 
intimidated 
GPA dimension 3 (6.9 %)   
Frightened, jumpy, distressed, squashed, 
comfortable, confined, certain 
Relaxed, bored 
 
Positions of individual sheep on the three GPA dimensions are shown in Figure 
6.4.  Sheep received statistically different scores on GPA dimension 1 for the two time 
points (time: F1,14 = 5.17, p = 0.04): sheep transported pre-fast were described as more 
‘calm’, ‘docile’ and ‘passive’ than sheep transported post-fast, which were described as 
more ‘curious’, ‘alert’ and ‘inquisitive’.  There was no effect of nutritional group on 
GPA dimension 1 scores (nutrition: F1,14 = 3.48, p = 0.08) nor was there a significant 
interaction effect (time x nutrition: F1,14 = 1.65, p = 0.22).  There were no significant 
differences in the positions of sheep on GPA dimension 2 (F1,14 = 0.11, p = 0.75).  There   148 
was a significant interaction effect on GPA dimension 3 (time x nutrition: F1,14 = 8.85, p 
= 0.01): BCS 3.5 sheep transported pre-fast were scored as more ‘relaxed’ and ‘bored’  
whilst sheep with an increasing BCS were described as more ‘frightened’, ‘jumpy’ and 
‘distressed’ when they were transported pre-fast. 
There was no significant time x nutrition interaction effect for physiological data 
in this experimental study, and only one variable demonstrated a significant effect of 
nutritional status (Tables 6.5 & 6.6).  Nutrition had an effect on eosinophil numbers, 
which increased after transport in both BCS 3.5 and increasing BCS sheep, but 
increased statistically more in BCS 3.5 sheep.  There were significant time effects for a 
number of physiological variables, indicating a different response to being transport pre-
fast compared to post-fast in October (Table 6.5).  Sheep transported before fasting 
demonstrated a greater decrease in plasma leptin concentration after transport compared 
to when they had been transported after fasting (p<0.05).  Plasma IGF-1 concentrations, 
however, demonstrated a greater decrease after transport in sheep after fasting compared 
to transport before fasting (p<0.05).  Plasma glucose concentration was greater after 
transport in both pre- and post-fasted sheep (p<0.05).  There was a significant effect of 
time on haematocrit, red blood cell numbers and white blood cell numbers, which were 
all increased after transport, however, demonstrated a greater increase after transport 
after the sheep had been fasted (p<0.05).  Neutrophil numbers had a greater decrease 
after transport in sheep before fasting compared to after fasting.  Similarly, the 
neutrophil: lymphocyte ratio decreased after transport and demonstrated a greater 
decrease in sheep before fasting (p<0.05).  There were no significant difference in 
lymphocyte numbers (p>0.05).  There was also no significant nutrition or time effects 
on Tcore (Figure 6.6). 
A number of physiological variables were statistically correlated with the GPA 
dimension scores (behavioural expression of the sheep).  Sheep described as more   149 
‘calm’, ‘docile’ and ‘passive’ (GPA dimension 1) also had a higher BCS.  Sheep 
described as more ‘nervous’, ‘scared’ and ‘distressed’ (GPA dimension 2) had increased 
plasma glucose concentration whilst sheep described as more‘calm’, ‘happy’ and 
‘comfortable’ had increased concentrations of plasma leptin and glucose, increased 
haematocrit and an increased neutrophil: lymphocyte ratio, and increased numbers of 
red blood cells, monocytes and neutrophils.  Sheep scored as more ‘relaxed’ and ‘bored’ 
had increased plasma leptin concentration.  150 
 
Figure 6-5.  Positions of sheep within their treatments on GPA dimensions 1 and 2 (a) and 1 and 3 (b) for transport pre- and post-fast in October 
(increasing day length). 
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Table 6-5.  Mean (± 1 SD) of blood physiological variables and core body temperature (Tcore) for pre-fast vs. post-fast, increasing BCS vs. BCS 3.5 and 
before vs. after transport.   
 
Tcore (before): 40 min. at same time of day on non-transport day 
Tcore (during): 0-40 min. after departure 
 
  Increasing BCS  Increasing BCS  BCS 3.5  BCS 3.5 
  Pre-fast  Post-fast  Pre-fast  Post-fast 
  Before  After  Before  After  Before  After  Before  After 
Hormones             
     [Leptin] (ng/ml)   1.8 ± 0.3  1.6 ± 0.3  1.2 ± 0.3  1.2 ± 0.3  2.7 ± 0.3  2.5 ± 0.4  1.6 ± 0.4  1.6 ± 0.3 
     [Cortisol] (ng/ml)  30.7 ± 15.2  140.8 ± 49.6  36.0 ± 18.1  129.9 ± 54.5  38.8 ± 33.0  145.9 ± 31.0  48.5 ± 25.8  131.9 ± 39.2 
     [IGF-1] (ng/ml)  109.5 ± 34.1  100.2 ± 31.6  101.9 ± 35.0  84.2 ± 24.3  104.1 ± 27.4  105.0 ±  26.8  100.4 ± 25.7  86.6 ± 20.6 
     [Insulin] (µU/ml)  6.9 ± 3.6  11.0 ± 3.8  5.3 ± 1.9  9.7 ± 3.0  9.1 ± 3.4  15.3 ± 6.4  6.5 ± 2.5  12.4 ± 4.1 
     [β-OH] (mmol/L)  0.27 ± 0.07  0.33 ± 0.09  0.34 ± 0.08  0.36 ± 0.10  0.28 ± 0.05  0.25 ± 0.08  0.33 ± 0.06  0.30 ± 0.11 
     [Glucose] (mmol/L)  3.56 ± 0.20  5.04 ± 0.81  3.55 ± 0.32  4.67 ± 0.77  3.60 ± 0.14  6.02 ± 1.53  3.44 ± 0.26  5.46 ± 1.27 
Haematological variables                 
     Haematocrit  0.37 ± 0.03  0.38 ± 0.02  0.37 ± 0.03  0.39 ± 0.03  0.39 ± 0.04  0.41 ± 0.04  0.38 ± 0.04  0.42 ± 0.06 
     Red blood cell (x 10
12/L)  9.89 ± 1.01  10.04 ± 0.70  9.76 ± 0.85  10.24 ± 0.77  10.31 ± 1.37  10.59 ± 1.26  9.70 ± 1.22  10.83 ± 1.62 
     White blood cell (x 10
9/L)  6.14 ± 1.70  6.24 ± 1.59  5.55 ± 1.65  5.90 ± 1.43  6.45 ± 1.09  6.66 ± 1.19  5.49 ± 1.15  6.03 ± 1.19 
     Monocytes (x 10
9/L)  0.13 ± 0.06  0.24 ± 0.13  0.08 ± 0.05  0.15 ± 0.12  0.11 ± 0.05  0.22 ± 0.10  0.09 ± 0.04  0.12 ± 0.06 
     Neutrophils (x 10
9/L)  2.43 ± 0.29  1.54 ± 0.23  1.65 ± 0.42  1.38 ± 0.24  2.40 ± 0.57  1.59 ± 0.43  1.51 ± 0.25  1.16 ± 0.16 
     Lymphocyte (x 10
9/L)  3.28 ± 1.60  4.07 ± 1.53  3.53 ± 1.38  4.00 ± 1.27  3.64 ± 0.87  4.40 ± 1.10  3.60 ± 1.05  4.19 ± 1.15 
     Neutrophil: Lymphocyte  0.92 ± 0.47  0.43 ± 0.17  0.50 ± 0.17  0.37 ± 0.11  0.70 ± 0.26  0.38 ± 0.12  0.44 ± 0.12  0.29 ± 0.08 
  Before  During  Before  During  Before  During  Before  During 
     Tcore average (ºC)  39.09 ± 0.25  39.79 ± 0.29  39.10 ± 0.24  39.68 ± 0.39  39.39 ± 0.17  40.01 ± 0.39  39.22 ± 0.31  39.68 ± 0.43 
                 
     Weight (kg)  59.9 ± 1.0  47.7 ± 1.0  
     BCS  2.9 ± 0.1  2.0 ± 0.1 
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Table 6-6.  Significance of proportional changes of blood physiological variables and core body temperature (Tcore) for pre-fast vs. post-fast, increasing 
BCS vs. BCS 3.5 and before vs. after transport.   
Statistically significant values are indicated in bold (*p<0.05, **p<0.01, ***p<0.005).  Correlation coefficients (r) for the relationship between each 
physiological measure, including individual weight and BCS, and the GPA dimensions are also shown. (r30 (n-2) for all factors). 
  Nutrition  Fasting  Nutrition x fasting 
state interaction 
  GPA  
dimension 1 
GPA  
dimension 2 
GPA  
dimension 3 
Hormones  Results of RM ANOVA p values    Correlation coefficients 
     [Leptin] (ng/ml)  0.619  0.003  0.056    -0.083  -0.395*  0.397* 
     [Cortisol] (ng/ml)  0.868  0.281  0.310    -0.119  0.103  -0.039 
     [IGF-1] (ng/ml)  0.318  0.049  0.553    0.096  0.156  0.028 
     [Insulin] (µU/ml)  0.969  0.626  0.737    -0.255  0.145  0.060 
Metabolites               
     [β-OH] (mmol/L)  0.059  0.133  0.152    -0.127  -0.116  -0.160 
     [Glucose] (mmol/L)  0.089  0.028  0.861    -0.098  0.323*  0.137 
Haematological variables               
     Haematocrit  0.321  0.019  0.313    0.208   -0.428**  0.195 
     Red blood cell (x 10
12/L)  0.328  0.011  0.197    0.206  -0.433**  0.166 
     White blood cell (x 10
9/L)  0.786  0.028  0.797    0.236  -0.194  -0.038 
     Basophils (x 10
9/L)  0.671  0.318  0.939    0.109  -0.155  <0.001 
     Eosinophils (x 10
9/L)  0.041  0.722  0.175    0.242  0.053  0.224 
     Monocytes (x 10
9/L)  0.508  0.949  0.152    -0.025  -0.373*  0.169 
     Neutrophils (x 10
9/L)  0.528  <0.001  0.224    -0.096  -0.353*  0.120 
     Lymphocytes (x 10
9/L)  0.747  0.058  0.134    0.190  0.010  -0.294 
     Neutrophil: Lymphocyte  0.936  <0.001  0.196    -0.246  -0.354*  0.258 
               
     Tcore average (ºC)  0.368  0.118  0.908    0.097  -0.015  0.211 
               
     Weight          0.102  0.024  -0.209 
     BCS          0.564***  -0.038  0.135   153 
 
Figure 6-6.  Mean (± 1 SD) Tcore of sheep increasing BCS and BCS 3.5 transported pre- and 
post-fast in October (increasing day length) 
Both transport groups are combined. Reference value is taken at the same time of day one 
day before each transport event. 
 
H3. During a period of increasing day length, sheep of increasing body condition 
(increasing from low to high BCS) will exhibit the same behavioural expressions as 
sheep of high body condition (on a static plane of nutrition), irrespective of fasting state. 
The GPA consensus profile explained 34.52 % of the variation among the 25 
observers, and this differed statistically from the mean randomised profile (t99 = 17.7, p 
< 0.001).  The first three dimensions explained 29.7 %, 17.3 % and 8.2 % of the 
variation between animals.   
Word charts were produced for each of the 25 observers.  GPA dimension 1 was 
characterised by terms such as ‘curious’, ‘inquisitive’ and ‘alert’ on one end (low) of the 
axis and ‘calm’, ‘passive’ and ‘placid’ on the other end (high) of the axis.  GPA 
dimension 2 was characterised by terms such as ‘curious’, ‘confident’ and ‘certain’ on 
one end (low) of the axis and ‘scared’, ‘nervous’ and ‘frightened’ on the other end 
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(high).  GPA dimension 3 was characterised by terms such as ‘sure’, ‘afraid’ and 
‘stressed’ on one end (low) of the axis and terms such as ‘happy’, ‘cautious’ and 
‘secure’ on the other end (high) of the axis.  For a full list of terms for each dimension 
see Table 6.5. 
Positions of individual sheep on the three GPA dimensions are shown in Figure 
6.5.  There were no significant differences between treatment groups on any of the three 
GPA dimensions (GPA 1: F1,14 = 0.34, p = 0.57; GPA 2: F1,14 = 0.13, p = 0.72; GPA 3: 
F1,14 = 3.86, p = 0.07). 
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Table 6-7.  Terms with the greatest positive and negative correlations with GPA 
dimensions 1, 2 and 3 of the consensus profile for sheep of BCS 1.5 and BCS 3.5 
transported pre- and post-fast in October (increasing day length).   
When a term was used by multiple observers, values in parentheses give the number of 
observers using that term. 
Low values   High values  
GPA dimension 1 (29.7 %)   
Curious (9), inquisitive (4), alert (3), wary 
(2), nervous (2), agitated (2), aware (2), 
worried (2), wondering (2), concerned (2), 
scared, afraid, cautious, uneasy, observant, 
assertive, disorientated, confident, 
quizzical, confused, alarmed, edgy, sure, 
restless, startled, anxious, apprehensive, 
searching, interested 
 
Calm (6), passive (3), placid (2), quiet (2), 
patient (2), relaxed (2), docile, content, 
bored, acquiescent, frightened, tired, at 
ease, scared, composed, carefree, 
comfortable, certain, accepting, exhausted, 
vulnerable, sedate 
GPA dimension 2 (17.3 %)   
Curious (5), confident (3), certain (3), 
interested (2), bored (2), happy (2), alert 
(2), calm (2), content, laid back, 
comfortable, stable, unfazed, bemused, 
watchful, safe, fine, sure, relaxed 
 
Scared (3), nervous (3), frightened (2), 
lonely, submissive, bewildered, wary, 
stressed, afraid, confused, annoyed, 
worried, lost, anxious, tired 
GPA dimension 3 (8.2 %)   
Sure, afraid, stressed, bored, confused  Happy, cautious, secure, certain, sure, safe, 
confident, curious, confused, wondering, 
calm, agitated, scattered 
 
There was a significant time x nutrition interaction for β-OH, which increased 
after transport in BCS 1.5 sheep before fasting but decreased in BCS 1.5 sheep after 
fasting.  β-OH decreased after transport in BCS 3.5 sheep before and after fasting 
(p<0.05).  There were significant nutrition effects for plasma insulin concentration and 
Tcore.   Plasma insulin demonstrated a greater increase after transport, whilst Tcore 
demonstrated a greater increase during transport in BCS 1.5 sheep compared to BCS 3.5 
sheep (Tables 6.8 & 6.9; Figure 6.8) (p<0.05).  There were significant time effects for a 
number of physiological variables, indicating a different response to being transport pre-
fast compared to post-fast in October (Table 6.9).  Sheep transported before fasting had   156 
lower plasma leptin concentration after transport, but had greater plasma IGF-1 
concentration compared to transport after fasting (p<0.05).  Monocyte numbers were 
greater after transport in sheep transported before fasting but did not change statistically 
in sheep transported after fasting (p<0.05).  Neutrophil numbers and the neutrophil: 
lymphocyte ratio decreased more after transport in sheep transported before fasting 
compared to sheep transported after fasting (p<0.05). 
A number of physiological variables were statistically correlated with the GPA 
dimension scores (behavioural expression of the sheep).  Sheep described as more 
‘calm’, ‘passive’ and ‘placid’ (GPA dimension 1) had increased plasma leptin 
concentration and lower Tcore.  Sheep described as more ‘curious’, ‘confident’ and 
‘certain’ (GPA dimension 2) had greater eosinophil and monocyte numbers and sheep 
described as more ‘scared’, ‘nervous’ and ‘frightened’ (GPA dimension 2) were heavier 
and had a greater BCS.  None of the physiological variables correlated with GPA 
dimension 3.  157 
 
 
Figure 6-7.  Positions of sheep within their treatments on GPA dimensions 1 and 2 (a) and 1 and 3 (b) for pre- and post-fast in October (increasing day 
length). 
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Table 6-8.  Mean (± 1 SD) of blood physiological variables and core body temperature (Tcore) for pre-fast vs. post-fast BCS 1.5 vs. BCS 3.5 and before vs. 
after transport.   
Tcore (before): 40 min. at same time of day on non-transport day 
Tcore (during): 0-40 min. after departure 
 
 
  BCS 1.5  BCS 1.5  BCS 3.5  BCS 3.5 
  Pre-fast  Post-fast  Pre-fast  Post-fast 
  Before  After  Before  After  Before  After  Before  After 
Hormones             
     [Leptin] (ng/ml)   1.2 ± 0.2  1.1 ± 0.2  0.6 ± 0.1  0.6 ± 0.2  2.7 ± 0.3  0.3 ± 0.4  1.6 ± 0.4  1.6 ± 0.3 
     [Cortisol] (ng/ml)  36.1 ± 22.4  123.8 ± 31.1  74.5 ± 40.8  164.6 ± 89.4  38.8 ± 33.0  145.9 ± 31.0  48.5 ± 25.8  131.9 ± 39.2 
     [IGF-1] (ng/ml)  77.8 ± 16.3  70.6 ± 17.5  50.4 ± 15.3  42.1 ± 10.8  104.1 ± 27.4  105.0 ± 26.8  100.4 ± 25.7  86.6 ± 20.6 
     [Insulin] (µU/ml)  3.8 ± 1.5  9.3 ± 2.8  2.5 ± 0.9  6.7 ± 3.3  9.1 ± 3.4  15.3 ± 6.4  6.5 ± 2.5  12.4 ± 4.1 
     [β-OH] (mmol/L)  0.21 ± 0.06  0.27 ± 0.10  0.46 ± 0.14  0.34 ± 0.10  0.28 ± 0.05  0.25 ± 0.08  0.33 ± 0.06  0.30 ± 0.11 
     [Glucose] (mmol/L)  3.15 ± 0.23  5.25 ± 2.15  2.76 ± 0.18  4.69 ± 2.11  3.60 ± 0.14  6.02 ± 1.53  3.44 ± 0.23  5.46 ± 1.27 
Haematological variables                 
     Haematocrit  0.35 ± 0.03  0.36 ± 0.02  0.37 ± 0.01  0.38 ± 0.03  0.39 ± 0.04  0.41 ± 0.04  0.38 ± 0.04  0.42 ± 0.06 
     Red blood cell (x 10
12/L)  9.78 ± 1.08  9.94 ± 0.67  9.99 ± 0.28  10.25 ± 0.67  10.31 ± 1.37  10.59 ± 1.26  9.70 ± 1.22  10.83 ± 1.62 
     White blood cell (x 10
9/L)  5.58 ± 1.37  6.10 ± 1.48  5.20 ± 1.92  5.63 ± 1.25  6.45 ± 1.09  6.66 ± 1.19  5.49 ± 1.15  6.03 ± 1.19 
     Monocytes (x 10
9/L)  0.07 ± 0.05  0.20 ± 0.13  0.11 ± 0.15  0.07 ± 0.03  0.11 ± 0.05  0.22 ± 0.10  0.09 ± 0.04  0.12 ± 0.06 
     Neutrophils (x 10
9/L)  1.91 ± 0.85  1.40 ± 0.44  2.02 ± 1.76  1.52 ± 0.55  2.40 ± 0.57  1.59 ± 0.43  1.51 ± 0.25  1.16 ± 0.16 
     Lymphocyte (x 10
9/L)  3.31 ± 0.76  4.07 ± 1.21  2.75 ± 0.70  3.57 ± 0.84  3.64 ± 0.87  4.40 ± 1.10  3.60 ± 1.05  4.19 ± 1.15 
     Neutrophil: Lymphocyte  0.59 ± 0.26  0.36 ± 0.14  0.76 ± 0.66  0.43 ± 0.12  0.70 ± 0.26  0.38 ± 0.12  0.44 ± 0.12  0.29 ± 0.08 
  Before  During  Before  During  Before  During  Before  During 
     Tcore average (ºC)  38.61 ± 0.19  39.51 ± 0.46  38.47 ± 0.20  39.53 ± 0.53  39.39 ± 0.17  40.01 ± 0.39  39.22 ± 0.31  39.68 ± 0.43 
                 
     Weight (kg)  43.9 ± 0.9  63.1 ± 1.4 
     BCS  1.5 ± 0.1  3.5 ± 0.1  
                   159 
Table 6-9.  Significance of proportional changes of blood physiological variables and core body temperature (Tcore) for pre-fast vs. post-fast BCS 1.5 vs. 
BCS 3.5 and before vs. after transport.   
Statistically significant values are indicated in bold (*p<0.05, **p<0.01, ***p<0.005).  Correlation coefficients (r) for the relationship between each 
physiological measure, including individual weight and BCS and the GPA dimensions are also shown (r30 (n-2) for all factors). 
  Nutrition  Fasting  Nutrition x fasting 
state interaction 
  GPA  
dimension 1 
GPA  
dimension 2 
GPA  
dimension 3 
Hormones  Results of RM ANOVA p values    Correlation coefficients 
     [Leptin] (ng/ml)  0.827  0.021  0.181    0.317*  -0.173  -0.071 
     [Cortisol] (ng/ml)  0.333  0.073  0.339    -0.122  0.131  -0.132 
     [IGF-1] (ng/ml)  0.209  0.045  0.418    -0.102  0.074  -0.055 
     [Insulin] (µU/ml)  0.036  0.423  0.670    0.155  0.238  0.124 
Metabolites               
     [β-OH] (mmol/L)  0.404  0.005  0.005    -0.193  -0.028  -0.044 
     [Glucose] (mmol/L)  0.829  0.573  0.229    -0.162  -0.228  -0.014 
Haematological variables               
     Haematocrit  0.184  0.148  0.173    -0.060  -0.089   -0.147 
     Red blood cell (x 10
12/L)  0.290  0.205  0.392    -0.048  -0.090  -0.120 
     White blood cell (x 10
9/L)  0.479  0.148  0.733    0.026  -0.142  -0.046 
     Basophils (x 10
9/L)  0.274  0.209  0.515    0.210  -0.002  0.275 
     Eosinophils (x 10
9/L)  0.912  0.181  0.992    0.202  -0.297*  0.122 
     Monocytes (x 10
9/L)  0.441  0.012  0.118    0.130  -0.368*  -0.160 
     Neutrophils (x 10
9/L)  0.093  0.036  0.583    0.118  -0.026  -0.008 
     Lymphocytes (x 10
9/L)  0.937  0.616  0.470    -0.008  -0.261  -0.030 
     Neutrophil: Lymphocyte  0.282  0.031  0.675    0.166  0.078  0.042 
               
     Tcore average (ºC)  0.014  0.965  0.081    -0.447*  0.046  -0.157 
               
     Weight          -0.246  0.345*  0.012 
     BCS          -0.254  0.322*  0.017   160 
 
Figure 6-8.  Mean (± 1 SD) Tcore of sheep with BCS 1.5 and BCS 3.5 transported pre- and 
post-fast in October (increasing day length). 
Both transport groups are combined. Reference value is taken at the same time of day one 
day before each transport event. 
 
6.4.  Discussion 
 
Observers reached a consensus in how they scored the behavioural responses of 
sheep of different nutritional states to a short transport event pre- and post-fasting.  
Furthermore, there were significant differences in the response of BCS 1.5 and 
decreasing BCS sheep to being transported after they had been fasted in March and 
April (decreasing day length).  Observers described BCS 1.5 sheep after fasting and 
decreasing BCS sheep before fasting as more ‘nervous’, ‘frightened’ and ‘confused’ 
whilst BCS 1.5 sheep before fasting and decreasing BCS sheep after fasting were 
described as more ‘confident’, ‘sure’ and ‘comfortable’ (GPA dimension 1).  Observers 
also described BCS 1.5 sheep as more ‘relaxed’, ‘passive’ and ‘quiet’ and decreasing 
38.0
38.2
38.4
38.6
38.8
39.0
39.2
39.4
39.6
39.8
40.0
40.2
40.4
40.6
Reference
Lairage
Blood sampling
Lairage
Loading
10 mins
20 mins
30 mins
40 mins
50 mins
60 mins
70 mins
80 mins
90 mins
Unloading
Transport event
T
c
o
r
e
 
(
o
C
)
Pre fast BCS 1.5
Pre fast BCS 3.5
Post fast BCS 1.5
Post fast BCS 3.5
D
e
p
a
r
t
u
r
e  161 
BCS sheep as more ‘curious’, ‘anxious’ and ‘interested’ (GPA dimension 2) regardless 
of fasting state.  This data suggests that sheep were differentially affected by fasting as 
well as by nutritional status when subjected to a stressor (transport).  In addition, sheep 
with sustained low BCS (1.5) may be used to inadequate feed supply and not respond 
with greater hunger when fasted compared to those on decreasing BCS.  It is interesting 
to note that BCS 1.5 sheep have been described as more ‘nervous’ on GPA dimension 1 
but more ‘relaxed’ on GPA dimension 2.  Whilst these terms appear to be contradictory, 
it is possible that an animal can exhibit both of these behavioural expressions at the 
same time.  For example, an animal that is scared can be so frightened that it doesn’t 
move and may appear calm, or an animal that is scared can move around a lot in an 
attempt to escape and may appear frantic.  In addition, the video footage was up to 60 
seconds in length and the behavioural expression of the animal changes over this period 
of time, so an observer may have seen the animal be both nervous and relaxed. 
Observers also reached consenus in how they scored BCS 3.5 sheep and 
increasing BCS sheep transported pre- and post-fast in October (increasing day length).  
Observers described sheep, regardless of their BCS, transported before fasting as more 
‘calm’, ‘docile’ and ‘passive’ (GPA dimension 1) compared to after fasting, in October, 
where they were described as more ‘curious’, ‘alert’ and ‘inquisitive’.  Observers also 
described BCS 3.5 sheep transported before fasting and increasing BCS sheep after 
fasting as more ‘relaxed’ and ‘bored’  whilst BCS 3.5 sheep transported after fasting 
and increasing BCS sheep before fasting were described as more ‘frightened’, ‘jumpy’ 
and ‘distressed’ (GPA dimension 3).   
Although observers reached consensus in their agreement of the behavioural 
expression of BCS 1.5 and BCS 3.5 sheep transported in October (increasing day 
length), they were not able to distinguish between the two groups of sheep pre- or post-
fast.  Observers therefore identified differences between animals rather than differences   162 
due to treatment effects.  Since there were no behavioural differences between sheep 
with stable BCS (1.5 and 3.5 BCS) it appears that fasting has a greater effect on sheep 
with a changing BCS, and that this is regardless of season.  It is possible that sheep with 
BCS 1.5 and 3.5 are in a negative emotional state, from undernutrition and over 
nutrition, and therefore may react to a stressors such as fasting and transport in the same 
way, and have the same behavioural expressions.   
There was a stronger effect of ‘fasting’ (i.e. transport pre- or post-fast) on the 
physiological variables than nutritional status in all three experiments.   
 
 
6.4.1.  Correlations between the behavioural assessment and physiology 
The correlations between physiology and behaviour were varied between the 
three experiments.  Sheep with a high BCS and those with an increasing BCS showed 
the most correlations with observer scores on GPA dimension 2, and had a correlation 
with neutrophil: lymphocyte ratio indicating a typical stress response (Kent, 1997; Jones 
& Allison, 2007). 
Unlike the previous study (Chapter 5), there were no correlation of β-OH 
responses with observer scores.  β-OH is usually noted after a period of feed and water 
withdrawal and has been associated with the utilisation or depletion of liver glycogen 
and lipid mobilisation (Todd et al., 2000). 
 
6.4.2.  Conclusions 
There was consensus in the ability of observers to interpret the behavioural 
expressions of sheep with differing BCS transported before and after fasting at differing 
times of the year.  Observers were able to distinguish between BCS 1.5 sheep and 
decreasing BCS sheep and between fasting states.  Observers were also able to   163 
distinguish between fasting states of BCS 3.5 sheep and increasing BCS sheep as well as 
between the nutritional groups themselves.  However, observers found no differences in 
the behavioural expression of BCS 1.5 sheep with BCS 3.5 sheep transported pre- and 
post-fast.  This suggests that behavioural responses due to fasting are more affected by 
dynamic BCS (increasing; decreasing) rather than stable BCS, or, as suggested by 
Caldeira et al. (2007), sheep with a BCS of between 2.5 and 3.5 have minimal metabolic 
disturbances compared to sheep with a BCS of 1.5 or 3.5, and therefore may be less 
susceptible to stressors.  In addition, the BCS 1.5 sheep may have adjusted to a sustained 
inadequate feed supply and have not responded to fasting like those sheep with a 
dynamic BCS.  Finally, the behavioural expression scores demonstrated significant 
correlations with numerous physiological variables in a manner that was consistent with 
the interpretation that the behavioural expression of sheep reflected their current 
physiological state.  In this study, QBA successfully quantified the behavioural 
responses of sheep of differing BCS to fasting and transport at different times of the 
year.  164 
Chapter 7.  Does observer background influence the way 
they score the behavioural expression of sheep during 
transport? 
 
7.1.  Introduction 
 
One of the arguments regarding the use of quantitative measures of behaviour as 
a measure of animal welfare is that observers’ background or perceptions may influence 
their ratings.  Various factors influence observers’ perceptions of animal welfare, 
including their sex, education and experience, cultural background and dietary 
preferences.  A number of studies have recorded that women are more ‘concerned about 
animal welfare’ than men (Kellert & Berry, 1980; Herzog Jr. et al., 1991; Hills, 1993; 
Pifer et al., 1994; Kruse, 1999; Heleski et al., 2004).  Pifer et al. (1994) and Heleski et 
al. (2004) also found that women show a greater concern for agricultural animal welfare 
than men, and are more opposed to animal research.  An observer’s age also influences 
their perceptions, with young adults more concerned about animal welfare than older 
people (Kellert & Berry, 1980).  Kellert & Berry (1980) found that persons under the 
age of 35 hold a more naturalistic viewpoint (demonstrating affection for animal life and 
the environment), whilst older people (over 56) hold more utilitarian views.  In addition, 
Driscoll (1992) found that adolescents aged between 14 and 19 years of age rated 
examples of animal research as less acceptable than groups of people between 20 and 
29, and 50 and 59 years of age.  Less religious people show greater concern for animal 
welfare (Heleski et al., 2004), whilst vegetarians are rated as ‘more concerned’ about 
animal welfare than meat eaters (Gregory, 1998).  In terms of education, observers with   165 
greater levels of education show more empathy towards animal welfare (Kellert & 
Berry, 1980).  People from urban backgrounds tend to express greater empathy towards 
animals (Kalof et al., 1999) whilst people from more rural areas tend to be more 
supportive of animal use (Pifer et al., 1994).   
Ratings of animal behaviour are assigned by observers according to their 
perception of the situation and therefore their judgements are likely to be influenced by 
their past experience (Meagher, 2009).  Pet owners appear to rate the use of animals in 
research as less acceptable than non-pet owners (Driscoll, 1992), and Knight et al. 
(2004) suggest that experience with animals could promote positive attitudes towards 
animal welfare and negative attitudes towards animal use.  If people perceive an animal 
welfare issue is more relevant to them personally (e.g. due to them perhaps having that 
animal as a pet), then their attitudes towards that animal may change, according to their 
previous experience (Knight et al., 2004).  For example, people involved in poultry 
research perceive welfare issues such as beak trimming less of a concern than people not 
involved in poultry research (Heleski et al. 2004).  If these factors can influence a 
person’s perception of animal welfare issues, then it is likely that they can influence 
their ability to assess the welfare state of animals.  For example, Roughan & Flecknell 
(2006) found that expert observers of rat behaviour are better than novice observers at 
distinguishing between rats experiencing different pain levels.  However, this result is 
not universal.  For example, in a study examining the effects of environmental 
enrichment on rat behaviour, no difference was found between the behavioural 
observations made by novice (no formal experience or training in animal behaviour) and 
expert (specialists in animal behaviour) observers (Renner & Renner, 1993). 
Qualitative behavioural assessment (QBA) is a method of assessing the 
behavioural expression of animals.  QBA has been used to assess the behavioural 
expression of pigs (Wemelsfelder et al., 2000, 2001), cattle (Rousing & Wemelsfelder,   166 
2006; Stockman et al., 2011), horses (Napolitano et al., 2008; Minero et al., 2009), 
poultry (Wemelsfelder 2007) and dogs (Walker et al., 2010).  I have used QBA to assess 
the behavioural expression of sheep, and there is consensus amongst observers in how 
they score behavioural expression of sheep exposed to different experimental 
treatments, and correlations to physiological measurements (Chapters 3, 4, 5, 6 and 8).  
However, because QBA relies on human assessment of behavioural expression, QBA 
scores could, therefore, be subject to factors that affect an observer’s perception of 
animal welfare, which could potentially detract from the objectivity of the process.  For 
example, Wemelsfelder et al. (2009) found that observers were sensitive to contextual 
bias when viewing the same footage of pigs in an indoor and an outdoor environment; 
however the sensitivity did not weaken the reliability of the behavioural assessment. 
Wemelsfelder & Lawrence (2001) analysed how 10 large animal veterinarians, 
10 animal protectionists and 12 pig farmers/stock-people used QBA scores to rate the 
behaviour of pigs.  The authors found consensus among the three observer groups was 
highly significant, both when analysed separately and when merged together in one 
analysis.  Although the groups used different numbers of terms to describe the pigs, 
there was semantic consistency in their use of terms.  The authors also found that 
observer word charts from the three groups did not differ statistically from the word 
charts produced by nine observers recruited from academic students with no previous 
experience in the observation of pigs.  This suggests that the ability to undertake 
assessments of behavioural expression is not influenced by personal experience 
(Wemelsfelder & Laurence, 2001).  Snowden-Tucker (2007) investigated the effect of 
observer background on QBA in cattle, and found that, despite different attitudes 
towards animal welfare issues, there were no significant differences in average QBA 
scores attributed by observers of different backgrounds (sex, age, religion, habitat, diet 
and pet ownership).   However, it could be argued that because the calculation of QBA   167 
scores compresses and re-scales variation in observers’ scores of behavioural expression 
it would not be expected to find differences as the mean of the GPA scores is centred 
around zero mathematically by the computation process.  Neither Wemelsfelder & 
Laurence (2001) nor Snowden-Tucker (2008) investigated whether different observer 
groups were more or less sensitive to the specific dimensions of behavioural expression.   
A previous study (Chapter 3) demonstrated that 64 observers were able to 
distinguish between the transport-naïve and transport-habituated sheep based on their 
behavioural expression.  On GPA dimension 2, transport-naïve sheep were described as 
more ‘alert’, ‘anxious’ and ‘aware’ compared to transport-habituated sheep which were 
described as more ‘comfortable’, ‘tired’ and ‘confident’.  Even though the difference on 
GPA dimension 1 and 3 were not statistically different between treatment groups, sheep 
demonstrated distinct behavioural expressions and observers were consistent in how 
they described these axes.  On GPA dimension 1, observers described sheep as either 
more ‘anxious’, ‘nervous’ and ‘worried’ or more ‘calm’, ‘relaxed’ and ‘happy’.  On 
GPA dimension 3, observers described sheep as either more ‘frightened’, ‘agitated’ and 
‘afraid’ or more ‘curious’, ‘alert’ and ‘comfortable’.  The present study examines 
whether observer demographics and their opinions influences qualitative behavioural 
assessments of sheep.  This was assessed by examining the range and variability in GPA 
scores used by observers, where a high variability in scores should reflect a person’s 
greater perception of a GPA dimension.  The hypotheses tested were: 
H1.  An observer’s demographics (sex, age, country of birth, area of 
study/employment, habitat, dietary preference, purchasing habit, pet 
ownership, level of experience with sheep, and occurrence of seeing 
sheep transported) influences their opinion of sheep and animal welfare 
and behaviour.   168 
H2.  An observer’s demographics (as above) influences their ability to 
perceive a dimension of behavioural expression (i.e. the range of scores 
awarded to sheep will differ between observer groups). 
H3.  Observer opinions towards sheep and animal welfare and behaviour are 
correlated with the range of QBA scores attributed to the sheep. 
 
7.2.  Methods 
 
7.2.1.  Observer demographics and opinions 
Before participating in the qualitative behavioural expression (QBA) scoring of 
sheep footage, observers were asked to complete a questionnaire regarding their 
demographic background, experiences with sheep as well as quantifying their attitudes 
and opinions towards sheep and animal welfare and behaviour (Appendix 1).  A total of 
34 questions were asked, which included varying combinations of 20 multiple choice 
questions, 15 visual analogue scale questions and space for comment.  Where the 
answers were qualitative, graphical representations of answers are shown. Where 
possible, answers to quantitative questions were analysed statistically.  These 
questionnaire data were used to categorise observers by their demographics for 
quantitative analyses.   
 
To identify demographics, participants were asked to record their: 
  Sex (multiple choice: male; female) 
  Age (multiple choice: <19; 20-29; 30-39; 40-49; 50-59; 60-69; >70) 
  Country of birth (open question: observer free to write their answer)   169 
  Area of study/employment (multiple choice based on their area of affiliation 
within Murdoch University: Biomedical Science & Biotechnology; 
Engineering & Energy; Psychology; Law; IT; Chemical & Mathematical 
Science; Chiropractic; Education; Sustainability; Business; Environmental 
Science; Media; Nursing; Pharmacy; Social Science & Humanities; 
Biomedical Science; Animal Science; Veterinary Science; other).  
  Habitat (multiple choice: urban; rural) 
  Dietary preferences (multiple choice regarding how often they eat poultry, 
lamb, beef, fish, eggs and dairy products: never, occasionally (<once a 
week), often (1 to 4 times a week), always (>5 times a week); and multiple 
choice regarding factors that influence their eating of poultry, lamb, beef, 
fish, eggs and dairy products: vegetarian; religion; dietary intolerance; dislike 
of the product; animal welfare concerns; food safety concerns; other) 
  Purchasing habit (multiple choice: personally responsible for purchasing 
meat, dairy or eggs: yes; no to each) 
  Pet ownership (multiple choice: dog; cat; bird; fish; horse; livestock; reptiles; 
rodent; other; leaving all blank was taken to indicate the observer did not 
own any pet) 
  Level of experience with sheep, which was interpreted based on answers 
given for the following questions: 1. Have you ever visited a farm which 
rears animals (specifically sheep; yes, no); 2. Have you ever visited an 
abattoir (specifically sheep; yes, no); 3. Currently, how often would you say 
you come into contact with sheep (daily, once or twice a week, once a 
fortnight, once a month, once a year, few times a year, never); and 4. How 
much time have you spent working with sheep in your lifetime (never, a few 
occasions, a few days, a few weeks, a month or more, a year or more)?  The   170 
observers classed with a ‘high level of sheep experience’ had spent more than 
a month working with sheep, usually came into contact with sheep at least 
once a month, had visited a sheep farm, and most had visited an abattoir that 
slaughters sheep.  The observers classed as having a ‘low level of sheep 
experience’ had spent less than a few days working with sheep in their 
lifetime, come into contact with sheep less than a few times a year, had not 
seen sheep at an abattoir, and some had visited a farm that rears sheep.  The 
observers classed as having a ‘medium level of sheep experience’ fell 
between these two categories for each factor. 
  Occurrence of seeing sheep transported (multiple choice: never; once a year; 
a few times a year; once a month; once a fortnight; once or twice a week; 
daily).  Murdoch University lies on a road transport route to Fremantle Port, 
from where approximately 72 % of Australia’s live sheep trade leave the 
country (Anon, 2010). 
 
To determine attitudes and opinions, participants were asked to record their answers 
using multiple choices for the following questions: 
  ‘As a consumer would you be willing to pay more for products coming from 
facilities that are enhancing welfare beyond current industry standards?’ 
(answer choices: yes; no) 
  Identifying factors influencing their assessment of animal welfare  (answer 
choices: media; education; religion; personal experience; family/social/peers) 
 
Participants were asked to record their opinion by marking on a 100 mm long visual 
analogue scale their level of agreement with each of the following statements, where 0 = 
no and 100 = yes:   171 
  ‘Do you believe that purchasing animal welfare friendly products can 
positively influence animal welfare?’  
  ‘Do you believe animal welfare should be enhanced in Australia?’ 
 
Participants were also asked to use the visual analogue scale to rate their perception of 
animal welfare issues, where 0 = poor and 100 = excellent: 
  ‘How do you rate the welfare of meat sheep in Australia?’  
  ‘How do you rate the welfare of wool sheep in Australia?’ 
  ‘How do you rate the welfare of sheep during road transport?’  
  ‘How do you rate the welfare of sheep during live export by sea?’  
  ‘How do you rate the welfare of Australian exported sheep at their foreign 
destination?’ 
 
Observers were also asked to use the visual analogue scale to rate how they agreed with 
the following statements, where 0 = strongly disagree and 100 = strongly agree: 
  ‘I can tell how individual sheep are feeling by the way they behave’  
  ‘I believe animal welfare is important’  
  ‘I am influenced by the media in my perceptions of animal welfare’  
  ‘Sheep show visible behavioural responses’  
  ‘It doesn’t matter what a person’s background is, they will be able to tell how 
an animal is feeling’ 
  ‘People who don’t eat meat are better able to interpret how sheep are 
behaving’ 
  ‘People who have pets are better able to interpret how sheep are behaving’   172 
  ‘People who have no preconceived ideas of sheep behaviour are better able to 
interpret how sheep are behaving’  
 
Data from the visual analogue scales were quantified as the measure (in mm) marked by 
each individual according to their level of agreement with each statement. 
7.2.2.  Qualitative behavioural assessment scores 
The three QBA dimension scores for each observer for each sheep from the 
transport-naïve and habituated study (Chapter 3) were used as response (dependent) 
variables.  In this previous study, observers used QBA to quantify the behavioural 
expression of 20 clips of sheep (10 transport-naïve and 10 transport-habituated) using 
their own descriptive terms.  Due to the nature of the QBA analysis, mean values of 
observers’ scores cannot be used, as the Generalised Procrustes Analysis finds the best 
fit for all observer scores which results in a mean of zero.  Therefore, no difference in 
the mean values would be found between different observer groups.  The range 
(maximum to minimum) and the standard deviation of QBA scores were therefore 
calculated for each.  Observers with a bigger range and standard deviation of scores on a 
GPA dimension are more perceptive to that dimension and observed and differentiated 
between sheep more than observers with a smaller range and standard deviation. 
 
7.2.3.  Statistics 
Multiple regression analysis was carried out to investigate whether observer 
demographics influenced the way the observers scored the sheep by QBA (i.e. the range 
or standard deviation of each of the GPA dimension scores are dependant variables).  
Independent variables were sex (1: male; 0: female), age (1: <19 years old; 2: 20-29 
years old; 3: 30-39 years old; 4: 40-49 years old; 5: 50-59 years old; 6: 60-69 years old; 
7: >70 years old), country of birth (post hoc divided into 1: Australia, 0: not Australia),   173 
area of study/employment (post hoc divided into 1: animal; 0: non-animal), habitat (1: 
urban; 0: rural), dietary preferences (post hoc divided into 0: vegetarian; 1: not 
vegetarian), purchasing habit (personally responsible for purchasing meat/dairy/eggs: 1: 
yes; 0: no), pet ownership (post hoc divided into 1: yes; 0: no), level of experience with 
sheep (post hoc divided into 1: low; 2: medium; 3: high) and occurrence of seeing sheep 
transported (0: never; 1: once a year; 2: a few times a year; 3: once a month; 4: once a 
fortnight; 5 once or twice a week; 6: daily).   
Multiple regression was also carried out to investigate whether observer 
demographics influenced their attitudes and opinions towards sheep and animal welfare 
and behaviour.  A correlation matrix was developed to determine the relationship 
between the QBA scores and the observers’ opinions towards sheep and animal welfare.  
A Mann-Whitney U-test was used to investigate whether the range and standard 
deviation of observers scores was influenced by their willingness to pay more for 
products coming from facilities that are enhancing welfare beyond current industry 
standards.  Analyses were carried out using Statistica software, version 9 (StatSoft-Inc, 
Tulsa, OK, USA) and Excel for Windows (2003: Microsoft Inc., Redmond, WA, USA) 
 
7.3.  Results 
 
7.3.1.  Observer demographics 
Sixty-three observers participated in this study.  Demographics of the observers 
are shown in Table 7.1.  The majority (70 %) of observers were female.  Roughly half of 
the observers were Australian-born.  Of the 27 participants that were not born in 
Australia, eight were born in the UK, seven in New Zealand, three in Singapore and one 
each from Canada, Finland, Germany, Hong Kong, India, Italy, the Netherlands, the 
Philippines, and Zimbabwe.     174 
 
Table 7-1.  Demographic description of 63 participants that contributed to this study 
Attribute  Category: # of observers 
Sex  Female: 44  Male: 19 
Country of birth  Australia: 36  Other: 27 
Habitat  Urban: 55  Rural: 8 
Area of study/employment: animal-related  Yes: 40  No: 23 
Dietary preference: vegetarian  Yes: 10  No: 53 
Purchasing habit: purchases own meat/eggs/dairy  Yes: 50  No: 13 
Pet ownership  Yes: 53  No: 10 
Level of experience with sheep  Low: 26  Medium: 18  High: 19 
Age (yrs)  <19: 4  20-29: 24  30-39: 17  40-49: 11  50-59: 2  60-69: 2  >70: 3 
 
The majority of observers lived in an urban environment, owned a pet, and were 
responsible for purchasing their own animal food products.  Two-thirds were 
undertaking studies in an animal-related field, while a minority of observers were 
classified as having a high level of experience with sheep.  There was a wide spread of 
age, with the majority of observers aged between 20 and 29 years (reflecting that the 
majority of participants were sourced within the university).   
Eighty-four percent of observers owned a pet.  Half the observers owned a dog, 
followed by cats, fish and birds as the most common pets (Figure 7.1).  Ten observers 
did not presently own a pet, and 18 observers had a single species of animal as a pet 
(e.g. just dogs). 
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Figure 7-1.  Pet ownership distribution among observers. 
Each observer could select multiple options. 83 % of observers owned a pet. 
 
  Of the 63 observers, only two (3 %) identified that they were not influenced by 
any factors (they did not tick any of the options or ‘other’) in their perception of animal 
welfare (Figure 7.2).  Four observers were only influenced by one factor, either 
education or the media, whilst the remaining observers were influenced by more than 
one factor.  Two observers were influenced in their perception of animal welfare by all 
factors (media, education, religion, personal experience and family/social/peers).  
Education was the most influential factor, followed by personal experience and then the 
media. 
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Figure 7-2.  Factors identified by observers as influencing their assessment of animal 
welfare. 
Each observer could select multiple options. 
 
Only 11 (17 %) observers identified that they were not influenced by any factors 
in their diet selection.  The majority of observers identified that cost is the biggest 
influence in their diet selection of a range of food products, followed by animal welfare 
and food safety (Figure 7.3).  Animal welfare was identified by only 20 % of observers 
as a factor influencing their purchasing of meat products, compared with 40 % of 
observers identifying this issue as a factor influencing their purchasing of eggs.  Lamb 
was the least consumed meat whilst eggs and dairy were the most consumed animal 
products (Figure 7.4).  The most commonly identified factor influencing lamb purchase 
was the cost of the product.  Only one observer did not eat any animal product, 
including eggs and dairy, and of the 10 vegetarians in the study, only one was male.  Of 
the vegetarian participants, two did not eat meat due to religious purposes, and another 
two did not eat meat or fish due to religious purposes. 
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Figure 7-3.  Dietary influences for dairy, eggs, fish, beef, lamb and poultry. 
Observers were able to select multiple options for each food item. 
 
 
Figure 7-4.  Consumption of meat, fish, eggs and dairy amongst observers. 
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The majority of observers came into contact with sheep a few times a year, 
whilst almost a quarter of participants did not come into contact with sheep (Figure 
7.6a).  Of the 63 observers, 54 (86 %) had visited a farm that rears sheep, but only 19 
(30 %) had visited an abattoir that slaughters sheep (Figure 7.5a).  However, the 
observers were not naïve to the sheep production industry, since individuals identified 
with a range of different experiences with sheep.  Most observers had seen sheep being 
transported with only three observers not having witnessed sheep being transported 
(Figure 7.5b).  The majority of observers saw sheep transported once or twice a week.  
Time spent working with sheep varied amongst observers, with 27 % having spent more 
than a year working with sheep but 24 % had never worked with sheep (Figure 7.6b).   
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Figure 7-5.  a) Number of observers that had visited a farm that rears sheep and number 
of observers that had visited an abattoir that slaughters sheep, and b) Distribution of the 
occurrence of seeing sheep transported amongst observers. 
Each observer could select only one option. 
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Figure 7-6.  a) Observers’ current frequency of contact with sheep and  b) Total time 
observers spent working with sheep. 
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7.3.2.  Observer questionnaire and QBA 
H1.  An observer’s demographics (sex, age, country of birth, area of 
study/employment, habitat, dietary preference, purchasing habit, pet ownership, level of 
experience with sheep, and occurrence of seeing sheep transported) influences their 
opinion of sheep and animal welfare and behaviour. 
 
Observer opinions towards animal welfare issues were strongly influenced by 
their sex and whether they regularly witnessed sheep being transported (Table 7.2).  
Females consistently rated animal welfare poorer and more strongly agreed that animal 
welfare should be improved in Australia than males.  Observers with greater exposure to 
sheep transport rated animal welfare as poorer (Table 7.2).  Pet ownership and area of 
study/education did not influence observers’ perceptions (Table 7.2).  Other specific 
factors are discussed further in respect to each question. 
Although there was high agreement with the statement ‘Do you believe that 
purchasing animal welfare friendly products can positively influence animal welfare’? 
(0=no to 100=yes), there were no significant effects of observer demographics in the 
way they answered this question (p>0.05) (Table 7.2).  On the visual analogue scale 
(0=no to 100=yes), the average score for this question was 82. 
All observers scored above 50 on the visual analogue scale for the question ‘Do 
you believe animal welfare should be enhanced in Australia?’(0 = no to 100 = yes), 
however, females scored and average of 88 which was statistically greater than males, 
who scored an average of 77 (p<0.05) (Table 7.2).  Their scores for this question were 
also positively correlated with how often they witnessed sheep being transported 
(p<0.05) (Figure 7.7a). 
Observers were ambivalent to the question ‘How do you rate the welfare of meat 
sheep in Australia?’ (0 = poor to 100 = excellent), with an average score of 50 (min 0,   182 
max 98).  Females rated the welfare statistically poorer than males (females: 44; males: 
64) (p<0.05); no other significant differences between observer demographics (Table 
7.2). 
The average response to the question ‘How do you rate the welfare of wool sheep 
in Australia?’ (0 = poor to 100 = excellent) was 55 (min 0 to max 89) where females 
rated the welfare of wool sheep in Australia statistically poorer than did males (females: 
48; males: 59) (p<0.05) (Table 7.2).  Observers not born in Australia also rated the 
welfare statistically poorer than observers born in Australia (Australia: 59; not Australia: 
48), and vegetarians also produced a lower score (37) than non-vegetarians (58) 
(p<0.05) (Table 7.2).  Observers who had more regular exposure to witnessing sheep 
being transported by road, rated sheep welfare poorer (p<0.05) (Table 7.2; Figure 7.7b).   
The scores for the question ‘How do you rate the welfare of sheep during road 
transport?’ (0 = poor to 100 = excellent) ranged from 0 to 77 (average 30).  Females 
rated the welfare statistically poorer than males (females: 25; males: 41) (p<0.05).  
There was also a significant effect of observer age upon these scores, with older 
observers scoring the welfare of transport sheep as poorer (p<0.05) (Figure 7.10a). 
The average response to the question ‘How do you rate the welfare of sheep 
during live export by sea?’ (0 = poor to 100 = excellent) was 27 (min 0 to max 97).  
Females rated the welfare statistically poorer than males (females: 20; males: 41) 
(p<0.05).  Observers that live on an urban property/environment also rated the welfare 
poorer than observers that live on a rural property/environment (urban: 23; rural: 51) 
(p<0.05).  In addition, observers who do not purchase their own meat/eggs/dairy 
products rated the welfare statistically poorer than observers who do purchase their own 
meat/eggs/dairy products (purchases: 29; does not purchase: 19) (p<0.05) and level of 
experience with sheep also statistically influences how observers rate the welfare (low: 
16; medium: 22; high: 45) (p<0.05) (Table 7.2).   183 
The scores for the question ‘How do you rate the welfare of Australian exported 
sheep at their foreign destination?’ (0 = poor to 100 = excellent) ranged from 0 to 76 
(average 24).  Females rated the welfare statistically poorer than males (females: 19; 
males: 35) (p<0.05).  Age and occurrence of seeing sheep transported also statistically 
influenced how observers rated this question, with older observers and those that more 
frequently witnessed sheep being transport giving a poorer rating (p<0.05) (Figure 7.10b 
& Figure 7.8a). 
Fifty observers (79%) answered ‘yes’ that ‘As a consumer they would be willing 
to pay more for products coming from facilities that are enhancing welfare beyond 
current industry standards?’ (yes or no).  Sex was a significant factor influencing how 
observers answered this question (p<0.05).  Sixty three percent of males answered yes 
compared with 86 % of females.  Country of birth was another factor influencing 
observers’ response with 72 % of Australians answering yes compared with 89 % of 
non-Australians.  Observers who saw sheep transported on a more regular basis were 
more likely to answer ‘yes’ to this question (p<0.05) (Figure 7.11).  
The following set of questions examined factors that influenced how observers 
felt they were able to assess animal welfare.  Occurrence of seeing sheep transported 
influenced observers’ responses to two questions with observers who had more exposure 
to sheep transport more likely to agree with the statement: 1) ‘I can tell how individual 
sheep are feeling by the way they behave’ (0 = strongly disagree to 100 = strongly 
agree) average 61 (min 24 to max 100) (Figure 7.7d); and 2) ‘Sheep show visible 
behavioural responses’ (0 = strongly disagree to 100 = strongly agree) average 76 (min 
25 to max 100) (Figure 7.9a) (Table 7.3).   
The scores for the statement ‘People who don’t eat meat are better able to 
interpret how sheep are behaving’ (0 = strongly disagree to 100 = strongly agree)   184 
ranged from 0 to 67 (average 13) and vegetarians produced a greater score (27) than 
non-vegetarians (11) (p<0.05) (Table 7.3). 
Responses to the statement ‘People who have pets are better able to interpret how 
sheep are behaving’ (0 = strongly disagree to 100 = strongly agree) demonstrated a 
very wide range of responses (average 55, min 0 to max 97).  Area of study/employment 
was the only factor to statistically influence how observers scored this statement with 
observers studying or working with animals agreeing more strongly with this statement 
(animal: 62; non-animal: 41) (p<0.05) (Table 7.3). 
Observers were somewhat ambivalent to the statement ‘It doesn’t matter what a 
person’s background is, they will be able to tell how an animal is feeling’ (0 = strongly 
disagree to 100 = strongly agree) with an average of 49 (min 0 to max 100).  
Interestingly, observers’ responses strongly reflected their environment and experience 
working with sheep, with observers with the least likelihood of exposure to sheep 
showing stronger agreement with the statement.  Observers living in an urban 
environment agreed more strongly with this statement (rural: 32; urban: 52) (p<0.05) 
and observers with a low level of experience agreed more strongly with the statement 
(low: 61; medium: 43; high: 39) (p<0.05).  As occurrence of seeing sheep transported 
increased, observers’ agreed more strongly with this statement (p<0.05) (Figure 7.9b). 
There was no effect of observer demographics on three questions: 1) ‘I believe 
animal welfare is important’ (0 = strongly disagree to 100 = strongly agree) with an 
average score of 89 (min 43 to max 100); 2) ‘I am influenced by the media in my 
perceptions of animal welfare’ (0 = strongly disagree to 100 = strongly agree); and 3) 
‘People who have no preconceived ideas of sheep behaviour are better able to interpret 
how sheep are behaving’ (0 = strongly disagree to 100 = strongly agree) ranged from 0 
to 86 (average 32) (p>0.05) (Table 7.3).   
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Figure 7-7.  Individual observer ratings for two questions correlated with their frequency 
of seeing sheep transported. 
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Figure 7-8.  Individual observer ratings for two questions correlated with their frequency 
of seeing sheep transported. 
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Figure 7-9.  Individual observer ratings for two questions correlated with their frequency 
of seeing sheep transported. 
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Figure 7-10.  Individual observer ratings for two questions correlated with their age 
category. 
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Figure 7-11.  Number of observers with different frequency of seeing sheep transported 
that answered ‘yes’ or ‘no’ to ‘as a consumer would you be willing to pay more for products 
coming from facilities that are enhancing welfare beyond current industry standards?’ 
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Table 7-2.  The influence of demographics on the attitudes and opinions of observers on animal welfare and product purchasing.   
Beta values are shown and statistically significant values are indicated (*p<0.05, **p<0.01, ***p<0.005) 
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Sex (male = 1, female = 0)  -0.268  -0.394 *  0.406 **  0.377 **  0.416 **  0.399 ***  0.533 ***  0.473 *** 
Age (<19 = 1, 20-29 = 2, 30-39 = 3, 40-49 = 4, 50-59 = 5, 
60-60 = 6, >70 = 7)  0.131  0.119  -0.066  0.063  -0.260 *  -0.069  -0.401 **  -0.066 
Country of birth (Australia = 1, other = 0)  -0.167  -0.131  0.146  0.347 *  0.040  0.148  0.093  0.408 ** 
Area of study/employment (animal = 1, non-animal = 0)  -0.051  -0.002  0.151  0.101  0.202  0.203  0.088  0.014 
Habitat (urban = 1, rural = 0)  -0.109  -0.075  -0.006  -0.192  -0.033  -0.258 *  -0.114  -0.147 
Dietary preference (vegetarian = 1, non-vegetarian = 0)  -0.012  0.022  -0.252  -0.262 *  -0.147  -0.093  -0.074  0.147 
Purchasing habit (purchases own meat/eggs/dairy = 1, 
doesn’t purchase = 0)  -0.063  -0.120  0.045  -0.066  0.179  0.213 *  0.028  0.139 
Pet ownership (yes = 1, no = 0)  0.135  -0.178  -0.021  0.034  0.019  -0.040  -0.213  -0.129 
Level of experience with sheep (low = 1, medium = 2, 
high = 3)  0.034  0.051  0.138  -0.044  0.263  0.298 *  -0.078  -0.214 
Occurrence of seeing sheep transported (never = 0, few 
times a year = 1, once a year = 2, once a month = 3,  once 
a fortnight = 4, once or twice a week = 5, daily = 6) 
-0.146  0.391 **  -0.214  -0.313 *  -0.136  -0.156  -0.245 *  -0.262 *   191 
Table 7-3.  The influence of demographics on the attitudes and opinions of observers to animal welfare and behaviour.   
Beta values are shown and statistically significant values are indicated (*p<0.05, **p<0.01, ***p<0.005) 
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Sex (male = 1, female = 0)  0.063  -0.045  -0.057  0.067  0.166  0.106  0.016  -0.170 
Age (<19 = 1, 20-29 = 2, 30-39 = 3, 40-49 = 4, 50-59 = 5, 60-60 
= 6, >70 = 7)  0.074  0.048  -0.145  0.056  -0.043  0.108  -0.012  0.017 
Country of birth (Australia = 1, other = 0)  -0.000  0.253  -0.176  0.239  0.112  -0.037  -0.079  -0.115 
Area of study/employment (animal = 1, non-animal = 0)  -0.017  0.146  -0.272  0.104  -0.046  0.135  0.445 **  -0.019 
Habitat (urban = 1, rural = 0)  0.203  0.164  -0.010  0.211  0.265 *  -0.059  -0.184  0.058 
Dietary preference (vegetarian = 1, non-vegetarian = 0)  0.003  0.224  -0.032  0.242  0.148  0.455 **  0.100  0.150 
Purchasing habit (purchases own meat/eggs/dairy = 1, doesn’t 
purchase = 0)  -0.165  0.124  0.029  0.007  0.052  -0.013  -0.074  0.106 
Pet ownership (yes = 1, no = 0)  -0.025  0.003  0.096  -0.150  -0.097  -0.047  0.048  -0.069 
Level of experience with sheep (low = 1, medium = 2, high = 3)  -0.026  -0.192  -0.166  -0.101  -0.348 *  -0.102  -0.201  0.060 
Occurrence of seeing sheep transported (never = 0, few times a 
year = 1, once a year = 2, once a month = 3,  once a fortnight = 4, 
once or twice a week = 5, daily = 6) 
0.450 *  0.200  -0.151  0.303 *  0.302 *  -0.088  0.049  -0.203   192 
H2.  An observer’s demographics (as above) influences their ability to 
perceive a dimension of behavioural expression (i.e. the range of scores awarded to 
sheep will differ between observer groups). 
 
Country of birth, dietary preference and level of experience with sheep were 
demographic factors that statistically influenced the range and standard deviation of 
scores on GPA dimension 2 (Table 7.4).  To recap, the GPA dimensions are produced 
from a ‘best fit’ profile between all of the observers.  Each set of terms from each 
observer is entered into a matrix and analysed using Generalised Procrustes Analysis 
(GPA).  Each observer matrix is assessed as a multidimensional configuration, with the 
number of dimensions equalling the number of terms.  The position of each sheep in the 
multidimensional space is determined by the score attributed to that sheep.  GPA 
dimension 2 was characterised by ‘alert’, ‘anxious’  and ‘aware’ and one end of the 
axis, and ‘comfortable’, ‘tired’ and ‘confident’ on the other end.  Observers born in 
Australia demonstrated a greater range and standard deviation than observers born 
overseas (p<0.05) and vegetarian observers showed a greater range (p<0.01) and 
standard deviation (p<0.05) than non-vegetarians on GPA dimension 2.  Observers with 
little experience with sheep had the greatest range and standard deviation of scores, 
whilst observers with the greatest level of experience with sheep had the lowest range 
and standard deviation of scores on GPA dimension 2 (p<0.05). 
There was no significant effect (p<0.05) of any of the demographic variables 
tested upon the range or standard deviation of GPA dimensions 1 and 3 (Table 7.4).     193 
Table 7-4.  Observer demographics and their influence on GPA dimension score ranges and standard deviations.   
Standardised Beta values from multiple regression analysis are shown and significant values are indicated (* p<0.05, ** p<0.01). 
 
  GPA 1  GPA 2  GPA 3 
  Range  SDEV  Range  SDEV  Range  SDEV 
Sex ( female = 0, male = 1)  0.117  0.149  0.121  0.070  -0.108  -0.183 
Age (<19 = 1, 20-29 = 2, 30-39 = 3, 40-49 = 4, 50-59 = 5, 60-60 = 6, >70 = 7)  -0.202  -0.202  0.107  0.075  0.164  0.184 
Country of birth (other = 0, Australia = 1)  0.288  0.303  0.348 *  0.351 *  0.186  0.217 
Area of study/employment (non-animal = 0, animal = 1)  0.002  0.004  0.130  0.142  -0.009  -0.010 
Habitat ( rural = 0, urban = 1)  -0.023  -0.006  0.031  0.042  0.098  0.083 
Dietary preference (vegetarian: no = 0, yes = 1)  0.013  -0.017  0.385 **  0.353 *  0.130  0.142 
Purchasing habit (purchase own meat/eggs/dairy: no = 0, yes = 1)  0.043  0.042  0.084  0.092  -0.165  -0.209 
Pet ownership (no = 0, yes = 1)  0.069  0.099  -0.084  -0.045  -0.017  -0.053 
Level of experience with sheep (low = 1, medium = 2, high = 3)  -0.153  -0.194  -0.367 *  -0.370 *  -0.159  -0.148 
Occurrence of seeing sheep transported (never = 0, few times a year = 1, once a year 
= 2, once a month = 3,  once a fortnight = 4, once or twice a week = 5, daily = 6)  -0.016  -0.041  -0.161  -0.152  -0.224  -0.199   194 
H3.  Observer opinions towards sheep and animal welfare and behaviour are 
correlated with the range of QBA scores attributed to the sheep. 
 
Observers’ perceptions of consumer role in animal welfare and the impact of 
being vegetarian were correlated with one dimension only.  GPA dimension 1 was 
largely a quantification of anxious energy shown in sheep (Chapter 3).  Observers that 
agreed more strongly with the statement ‘do you believe that purchasing animal welfare 
friendly products can positively influence animal welfare’ had a statistically smaller 
range of scores and a smaller standard deviation for GPA dimension 1 (p<0.05) (Table 
7.5).  Also, observers who agreed more strongly with the statement ‘people who don’t 
eat meat are better able to interpret how sheep are behaving’ were statistically less 
perceptive to GPA dimension 1 (i.e. smaller standard deviation values) (p<0.05) (Table 
7.5). 
GPA dimension 2 captured alertness, and was statistically different between 
transport-naïve and transport-habituated sheep (Chapter 3).  Observers who agreed more 
strongly with the statements ‘sheep show visible behavioural responses’, ‘it doesn’t 
matter what a person’s background is, they will be able to tell how an animal is feeling’ 
and ‘I believe animal welfare is important’ scored a statistically bigger range and bigger 
standard deviation for GPA dimension 2 (p<0.05).  By contrast, observers who agreed 
more strongly with the statement ‘I am influenced by the media in my perceptions of 
animal welfare’ had a statistically smaller range of GPA dimension 2 scores (p<0.05) 
(Table 7.5). 
Only one factor appeared to relate to GPA dimension 3, which was a measure of 
level of fear shown in the sheep (Chapter 3).  Observers that scored ‘the welfare of 
Australian exported sheep at their foreign destination’ as more excellent had a 
statistically smaller range and standard deviation dimension 3 (p<0.05) (Table 7.5).  195 
Table 7-5. Correlations between observer opinions on sheep and animal welfare and behaviour and the range and scores and standard deviations for the 
three GPA dimensions.   
Significant correlations are indicated in bold (*p<0.05, **p<0.01) (r61 for all factors). 
  GPA dimension 1  GPA dimension 2  GPA dimension 3 
  Range  SDEV  Range  SDEV  Range  SDEV 
Mann Whitney U-test             
Do you believe you purchasing animal welfare friendly products can positively influence animal 
welfare? (no = 0 to yes = 1) 
-0.217*  -0.314**  -0.063  -0.098  -0.030  0.003 
Correlation coefficients             
Do you believe animal welfare should be improved in Australia? (no = 0 to yes = 1)  -0.149  -0.159  -0.087  -0.052  -0.013  0.064 
How do you rate the welfare of meat sheep in Australia? (poor = 0 to excellent = 1)  0.117  0.146  -0.006  -0.045  0.021  -0.059 
How do you rate the welfare of wool sheep in Australia? (poor = 0 to excellent = 1)  0.095  0.131  -0.008  -0.029  0.033  0.000 
How do you rate the welfare of sheep during road transport? (poor = 0 to excellent = 1)  0.036  0.029  -0.078  -0.086  -0.080  -0.186 
How do you rate the welfare of sheep during live export by sea? (poor = 0 to excellent = 1)  0.057  0.053  -0.105  -0.132  -0.159  -0.206 
How do you rate the welfare of Australian exported sheep at their foreign destination? (poor = 0 to 
excellent = 1) 
0.080  0.130  -0.039  -0.053  -0.225*  -0.235* 
‘I can tell how individual sheep are feeling by the way they behave’ (strongly disagree = 0 to strongly 
agree = 100) 
-0.046  -0.031  -0.051  -0.004  -0.047  -0.049 
‘I believe animal welfare is important’ (strongly disagree = 0 to strongly agree = 100)  0.046  0.007  0.197  0.213*  -0.020  -0.025 
‘I am influenced by the media in my perceptions of animal welfare’ (strongly disagree = 0 to strongly 
agree = 100) 
0.008  -0.009  -0.247*  -0.200  0.088  0.140 
‘Sheep show visible behavioural responses’ (strongly disagree = 0 to strongly agree = 100)  0.001  0.019  0.229*  0.251*  0.176  0.134 
‘It doesn’t matter what a person’s background is, they will be able to tell how an ‘animal is feeling’ 
(strongly disagree = 0 to strongly agree = 100) 
-0.011  -0.007  0.269*  0.273*  -0.019  -0.038 
‘People who don’t eat meat are better able to interpret how sheep are behaving’ (strongly disagree = 0 
to strongly agree = 100) 
-0.172  -0.212*  0.075  0.034  0.047  0.040 
‘People who have pets are better able to interpret how sheep are behaving’ (strongly disagree = 0 to 
strongly agree = 100) 
0.042  0.009  0.160  0.124  -0.057  -0.043 
‘People who have no preconceived ideas of sheep behaviour are better able to interpret how sheep are 
behaving’ (strongly disagree = 0 to strongly agree = 100) 
-0.048  -0.086  -0.009  0.001  0.021  0.021   196 
7.4.  Discussion 
 
Using Qualitative Behavioural Assessment (QBA), observers were able to 
differentiate between transport-naïve and transport-habituated sheep with statistically 
different scores attributed to these two treatment groups on GPA dimension 2, which 
was a quantification of alertness in the sheep (Chapter 3).  There was some influence of 
demographics on the way the observers scored the sheep using QBA for GPA dimension 
2, with country of birth, dietary preference and level of experience all significant factors.  
Australian-born, vegetarian observers and observers with low levels of experience with 
sheep provided a greater range of scores suggesting that they were more perceptive to 
GPA dimension 2.  In other words, these observers quantified more difference in the 
sheep compared to non-Australian, non-vegetarian, and observers that were more 
experienced with sheep.   
Even though there were significant differences in the range of scores attributed 
to sheep by observers with different countries of birth, different dietary preferences and 
different levels of experience with sheep, observers still gained consensus on their 
behavioural observations indicating that even though those observers may be more 
sensitive to animals behavioural expressions, all observers interpreted the behavioural 
expressions similarly, and were able to differentiate between the two groups of sheep.  
These findings add to the robustness of the QBA process, indicating that a range of 
observers, regardless of their background and experience, can participate in this process 
without formal training.  
In regard to GPA dimension 1 and 3, observers were not able to statistically 
distinguish between transport-naïve and transport-habituated sheep (Chapter 3), and 
there were also no significant effects of demographics on the way observers scored these   197 
dimensions.  Based on these results, if observers do not see a difference in behaviour 
between two groups of sheep, then it appears universal, and demographics are irrelevant.  
However, if observers do see a difference between two groups of sheep, then the extent 
of the difference that they record seems to be influenced by their background and 
demographics. 
There were also correlations of observer opinions with the range of scores 
observers attributed to the behaviour of the sheep on all three dimensions.  Observer 
perceptions of GPA dimension 2 (which also showed significant difference in the scores 
attributed by observers for transport-naïve and –habituated sheep) showed the most 
sensitivity to observer attitude to animal welfare.  It is possible though, that observer 
opinions are influenced by the way they see animals, rather than their opinions 
influencing how they interpret behavioural expression.  For example, observers who 
scored the ‘the welfare of Australian exported sheep at their foreign destination’ as 
more poor were more perceptive to GPA dimension 3, which meant that they were more 
perceptive to fear.  These observers may naturally be more perceptive to fear, which 
could influence their opinion on animal welfare.  A more detailed study would be 
required to investigate what effect opinions and behavioural assessment have on each 
other. 
In addition to observer opinions, their demographics also influenced their 
opinions on sheep and animal welfare, and behaviour.  In this study, females rated the 
welfare of meat and wool sheep, sheep during transport by road and sea, and the welfare 
of sheep at their foreign destination poorer than males.  This is consistent with findings 
that women are more humanistic and moralistic about animals and also object more 
strongly to a wide variety of activities using animals (Kellert & Berry, 1987).   
Occurrence of seeing sheep transported was also a factor that influenced some of 
the observers’ opinions and perceptions.  There has been a great deal of negative media   198 
coverage in Australia on implications of sheep transport, particularly the live export 
trade.  It is likely that observers that see sheep being transported are reminded of this 
and are more likely to be more negatively influenced in their opinions.  In addition there 
has been a lot of negative publicity across the world regarding the wool industry in 
Australia, such as the campaign by PETA to boycott Australian wool due to the practice 
of mulesing (Peatling, 2005).  It is likely that observers not born in Australia are aware 
of this, whereas observers born in Australia are more likely to have a better 
understanding of why mulesing is important and have more support of the wool industry 
in Australia, and therefore rate the welfare sheep in Australia more favourably than 
observers not born in Australia.  We note, however, that our question regarding place of 
birth was reasonably simplistic, since it could not distinguish different cultural 
backgrounds or identify naturalised Australians.  Greater clarification of these 
influences would be warranted.   
Even though observers overall disagreed with the statement that ‘people who 
don’t eat meat are better able to interpret how sheep are behaving’, vegetarian 
observers disagreed less than non-vegetarians.  Vegetarians are generally found to be 
more concerned about animal welfare then non-vegetarians (Gregory, 1998).  Although 
vegetarians rated the welfare of wool sheep in Australia more poorly that non-
vegetarians, there was no other significant effect of vegetarianism upon other measures 
of attitude or opinion to animal welfare issues in Australia. 
In the present study, a link was observed between observers’ age and how they 
rated the welfare of sheep during road transport and the welfare of Australian exported 
sheep at their foreign destination (older observers rated welfare as poorer).  Previous 
studies have also found some effect of observers’ age upon attitudes to animal welfare 
(Kellert & Berry, 1980).  However, Kellert & Berry (1980) found that younger 
observers are more concerned with animal welfare.  The older observers in the present   199 
study may have experienced greater exposure to sheep during transport and at foreign 
destinations through the media (e.g. current affairs programs on the welfare of export 
sheep).  The media usually portray images of poor animal welfare, and therefore the 
older observers in the present study may have a wider range of images to compare the 
sheep to.  In addition, attitudes may have changed since 1980, with the older generation 
being more aware of animal welfare now than they were when the Kellert & Berry 
(1980) study was conducted, and there may be a difference in the educational level of 
the participants in the two studies.  For example, participants in the present study were 
recruited through Murdoch University, so it is likely that their level of education may 
have been higher than the participants in the Kellert & Berry (1980) study. 
Observers from an urban property/environment and observers with a low level of 
experience with sheep rated the welfare of sheep during live export by sea poorer than 
observers that live on a rural property/environment and observers with a high level of 
experience with sheep.  These observers (urban and low experience) also agreed more 
strongly that it doesn’t matter what a person’s background is, they will be able to tell 
how an animal is feeling.  In Western Australia, it is highly likely that the rural 
observers had some sort of farming background, and base their opinions on their 
expertise and knowledge of farming practices, whilst observers from an urban 
background are more likely to base their opinion on their attitudes.  Observers from 
urban and rural backgrounds may also have different expectations on what constitutes 
good animal welfare.  Those from a rural background might consider good animal 
welfare to be high growth rates and good health, and good reproductive performance, 
whereas observers from a urban background would consider good animal welfare to 
include the environment of the animal, any procedures and the emotional state of the 
animal (Vanhonacker et al., 2008).     200 
Observers who do not purchase their own meat/eggs/dairy products rated the 
welfare of sheep during live export by sea poorer than observers who do purchase their 
own meat/eggs/dairy products.  The EU study on the attitudes of consumers towards the 
welfare of farmed animals (European Commission, 20055) found that a slight majority 
of people do not seem to take account of animal welfare when buying food.  Schröder & 
McEachern (2004) found that individuals can hold two views on animal welfare - they 
may think of themselves as influencing societal standards, and as consumers at the point 
of purchase (Schröder & McEachern, 2004).  As individuals, they support the notion of 
animals being entitled to a good life, but as consumers, they avoid the cognitive 
connection with the live animal (Schröder & McEachern, 2004).  Therefore, those that 
do not purchase their own animal products perceive animal welfare differently to those 
that do. 
Knight et al. (2004) theorise that if people have a pet then their attitudes towards 
animals may change.  The transformation of attitudes towards animal welfare was 
reflected in the present study, with observers studying or working with animals agreeing 
more strongly that people who have pets are better able to interpret how sheep are 
behaving more than observers not studying or working with animals.  Observers 
studying or working with animals may believe that they have greater expertise in 
interpreting animal behaviour due to their experiences, and therefore, they may believe 
that owning a pet has a similar effect. 
Some demographic factors, such as country of birth, dietary preference 
(vegetarian or not-vegetarian) and the level of experience with sheep can influence how 
perceptive observers are to particular behavioural expressions.  In addition, their 
opinions may also make them more perceptive to certain behaviour, such as fear or 
anxiety.  However, all observers reached consensus on their interpretation of the 
behavioural expression of the sheep indicating that regardless of background, anyone   201 
can participate in QBA and provide meaningful interpretations of behavioural 
expression.     202 
Chapter 8.  Does the temperament of sheep with differing 
body condition scores correlate to Qualitative Behavioural 
Assessment (QBA) scores? 
 
8.1.  Introduction 
 
Individual animals vary in their behavioural response to an environment 
(Romeyer & Bouissou, 1992; Blache & Bicknell, 2010) and there can be wide 
variability in behaviour between animals of the same species and of the same breed, 
with some being more aggressive, more exploratory or bolder than other animals (Bell et 
al., 2009).  This variation reflects differences in their temperament (Beausoleil et al., 
2008; Blache & Bicknell, 2010).  Each individual animal has its own temperament 
which can be affected by genetics and environment, and this is generally known as 
personality (Hicks et al., 1998; Bicknell et al., 2009).  Hall (1941) stated that 
“temperament is the raw stuff of individuality that accounts for the original uniqueness 
of an organism”.  Animal said to have ‘good temperament’ are calm and docile in 
response to anthropogenic challenge, whilst animals said to have ‘poor temperament’ 
are nervous and flighty (Petherick et al., 2002).   
Temperament has also been linked to the ability of an animal to cope with 
stressors (Markowitz et al., 1998; Petherick et al., 2002).  Grandin (1997) found that 
animals with an excitable temperament may have greater difficulty adapting to a 
situation while calmer animals may adapt more easily and become less stressed.  As 
well as personality, it has been suggested that an animal’s previous experience and 
learning can affect temperament, which is evident in how it will react to a particular   203 
event (Grandin, 1997; Hicks et al., 1998).  For example, taming can reduce the 
physiological reactivity of the nervous system (Grandin, 1997).  This is supported by 
Hastings et al, (1992) who found tame animals had lesser cortisol concentrations during 
restraint, and Mateo et al. (1991) who found that tame animals approached people more 
quickly than untamed animals.  However, temperament is an inherent background 
disposition of each animal that may remain basically unaltered by previous experience.  
An animal may always remain ‘calm’ or ‘flighty’ but the degree to which the animal 
shows these traits may alter depending on its previous experience.  For example, taming 
may reduce the behavioural and physiological reaction of a flighty animal, but it does 
not necessarily change its temperament (i.e. the fact that it is a flighty animal compared 
to calmer animals).  Differences between the basic predispositions of individuals in a 
group of animals will still be reflected in differences in their behavioural responsiveness 
whatever their experience. 
Variations in temperament may correlate with variations in the activity of the 
hypothalamic-pituitary-adrenal (HPA) axis (Wilson et al., 1994).  This suggests that 
behavioural expressions are influenced by level of fear, and hormonal responses to the 
fear stimulus (Romeyer & Bouissou, 1992).  Both previous experience and genetic 
factors affect temperament which can influence how fearful an animal becomes when it 
is handled or transported (Le Neindre et al., 1995; Grandin, 1997).   
There are a number of studies indicating how temperament may influence 
production (e.g. Petherick et al., 2002; Fell et al., 1999), but there is relatively little 
known whether different levels of nutrition (i.e. differing body condition scores) can 
influence temperament or cognition (Wachs, 2000).  There is evidence to suggest that 
there are overlaps between cognition (e.g. selective attention and self-regulation) and 
temperament, and evidence showing how nutrition can contribute to variations in 
cognitive performance which may also apply to variability in temperament (Wachs,   204 
2000).  The expression of positive emotions is linked with the amygdala, and negative 
emotions are linked with the hippocampus (Rothbart et al. 1994).  Variability in CNS 
structure and neurotransmitter processes, which can be influenced by nutrition, appears 
to mediate the expression of temperament (Wachs, 2000).  Malnutrition can produce 
changes in CNS anatomy at the structural, cellular, and sub-cellular levels, as well as in 
brain metabolism (Strupp & Levitsky, 1995; Georgieff, 1994).  There is also evidence 
that nutrient deficiencies can alter emotional reactivity, with iron deficiency associated 
with reduced emotional response (Barsideh et al., 1995) and zinc deficiency associated 
with an increase in emotionality (Black, 1998).  Hearnshaw & Morris (1984) 
investigated the effects of genetics and environment on the temperament scores of beef 
cattle, and found that cows given a medium level of nutrition were rated as less calm 
and still (temperament score 1.88 on a scale of 0 to 5; where 0 represents a very calm 
and still animal, and 5 represents an unmanageable and dangerous animal) than cows 
given a high or low level of nutrition (1.65 and 1.62 respectively). 
Animals use a number of verbal and nonverbal signals to communicate 
(Forrester, 2008), such as gestures, body postures, facial expressions and eye gaze which 
can indicate emotional states (Tomasello & Camaioni, 1997).  Qualitative analysis of 
communication is dynamic and is influenced by the environment of the animal (King & 
Shanker, 2003).  Therefore, the behavioural response of the animal should be studied 
over time rather than the actual behaviour of the animal (Dingemanse et al., 2010).  
Qualitative Behavioural Assessment (QBA) could be a good tool to use to evaluate the 
temperament of an animal.  QBA is based upon the integration by the observer of many 
pieces of information from the animal (Wemelsfelder et al., 2000; 2001).  In other 
words, QBA looks at ‘how’ the animal is behaving rather than what it is doing, and does 
this by looking at how the animal interacts with its environment (Wemelsfelder et al., 
2001).  QBA is a dynamic process because the assessment is not just a snapshot in time   205 
but can be done over any time period (Wemelsfelder et al., 2000; 2001).  This allows 
QBA to also capture fluctuations in the behaviour of animals.  QBA also takes into 
account the whole animal, which means that behaviour is no longer just a physical 
movement but is evaluated in a larger context with expressive and psychological quality 
(Wemelsfelder 1997: 2007).   
Bell et al. (2009) looked at 114 studies of 98 species that measured the 
repeatability of a number of different behaviours.  This meta-analysis strongly supported 
their hypothesis that behaviour is repeatable and that approximately 35% of the variation 
among the behaviour of individuals could be attributed to individual differences.  The 
only type of behaviour that didn’t conform to the high repeatability was female mate 
preference, as this can change with the females’ age, condition or environment (Bell et 
al., 2009). 
Sheep are consistent over time in their emotional reactivity (Boissy et al., 2005).  
The aim of this study was to determine whether temperament test scores for sheep 
differed with different background nutritional states, and whether temperament scores 
were correlated with the qualitative behavioural assessment (QBA) of these animals 
during exposure to a potentially challenging environment (road transport).  The 
hypotheses tested were: 
H1.  Sheep of differing body condition (low and high) exhibit 
different behavioural expressions (QBA scores). 
H2.  Sheep of different body condition (low and high) demonstrate 
differences in temperament scores. 
H3.  The temperament scores of sheep correlate with their behavioural 
expression (QBA scores). 
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8.2.  Methods 
 
8.2.1.  Animals and housing 
Thirty-two Merino wethers (18 months of age; 35 ± 2.6 kg) were sourced from a 
commercial sale-yard in Midland, Western Australia in November 2008; all sheep were 
from the same source.  The sheep were the same as those tested in two studies looking at 
the influence of body condition on behavioural expression in response to 1) season 
(Chapter 5), and 2) fasting (Chapter 6).  
Sheep were housed indoors in individual pens, at the Murdoch University 
Animal House so that they could be individually fed and monitored.  Each pen had ad 
libitum water supply and was adjoined to an adjacent pen so that sheep had contact with 
at least one other.  Sheep were randomly allocated to each pen (upon first introduction to 
this environment) and thereafter each individual was returned to the same pen. 
 
8.2.2.  Nutrition and experimental groups 
Sheep were fed one of two feeds (high and low energy; see below) according to 
their experimental group.  In Chapters 5 and 6, sheep were allocated to 4 nutritional 
groups (low, high, increasing or decreasing) with eight animals in each group.  At the 
time that the temperament study was conducted, sheep in the increasing and decreasing 
nutritional groups had received the same diets as the low and high nutritional groups for 
the previous five months, and had reached a similar body condition score.  Therefore, 
sheep in the ‘increasing’ group were combined with the sheep in the ‘high’ group, and 
the sheep in the ‘decreasing’ group were combined with the ‘low’ nutritional group 
(n=16 in each of the two nutritional groups: low or high).  Econofeed
® pellets (Milne 
Feeds, Western Australia) were fed to the low BCS group: crude protein (min) 11.0 %,   207 
crude fibre (max) 35.0 %, metabolisable energy 9.1 MJ/kg.  EasyOne
® pellets (Milne 
Feeds) were fed to the high BCS group: crude protein (min) 14.5 %, crude fibre (max) 
20.0 %, metabolisable energy 11.0 MJ/kg.  Sheep were fed once a day in the morning 
and were given ad libitum access to hay once a week.  Sheep were weighed and assessed 
for BCS weekly and the amount of feed given to each sheep was adjusted based on the 
individual’s current and target BCS.  Sheep (during a 5 month period of nutritional 
control) underwent a series of transport journeys, firstly to undertake a series of 
experiments (Chapters 5 & 6), and then finally to record their behaviour during transport 
(final transport trip in October 2009) to be compared with temperament scores two 
weeks later for the present study. 
 
8.2.3.  Qualitative Behavioural Assessment measured during transport 
Due to space and logistical constraints, sheep were transported in 2 groups for 
the transport journey.  Each transport group included a balanced number from each 
treatment group; within this constraint, sheep were randomly allocated to a transport 
group.  The second group were transported immediately after the first group had 
returned.  Sheep were fed upon return to the animal house. 
Sheep were transported on a single deck trailer, 2.03 m (W) x 3.55 m (L) x 1.55 
m (H) at a stocking rate of 0.45 m
2 / head (c.f. commercial stocking rate of 0.25 m
2 / 
head for 50 kg sheep; Australian Government of Agriculture, Fisheries & Forestry, 
2008); the larger space per animal was required to facilitate collection of adequate video 
footage of individuals.  The route taken during each transport trip included a mixture of 
main roads (speed limit 50 to 70 km/h) and highways (speed limit 70 to 100 km/h).  The 
length of the journey was approximately 65 km and 90 minutes in duration.  The 
selection of roads was similar to those used during commercial transport to a local   208 
abattoir or shipping port.  Sheep had been transported a total of five times before the 
final transport trip, which was used for this study. 
Video footage was recorded throughout the transport journey using four digital 
Panasonic SDR-H250 camcorders fixed to the front and back of the transport trailer 
(above sheep head height: approximately 1.6 m from the trailer floor).  All the focal 
sheep were clearly visible in the video footage.  Clips were not chosen blind, i.e. the 
clips were chosen knowing which treatment the sheep had undergone.  One clip (20 to 
60 seconds long) of each individual was chosen from the journey during the first 15 
minutes after departure.  Clips were chosen based on the sheep’s face being visible for 
the entire duration of the clip and the vehicle being in motion at the time.  The clips 
were edited to mask out the background, which included the sides of the vehicle and the 
landscape beyond, whilst individual focal sheep was highlighted by increasing the 
opacity of the surrounding animals in the same frame (Adobe Premiere Pro CS3 and 
Adobe After Effects CS3) (as per Chapter 2). 
Ten observers were recruited from a pool of observers that had previously 
attended 6 sessions as part of two previous studies (Chapters 5 and 6).  The observers 
were unaware of the nutritional groups or that the sheep were being transported.  In this 
session, observers viewed video footage of each individual sheep during the October 
transport trip, and used their own descriptive terms (free choice profiling terms), that 
they had generated previously as quantitative rating scales.  Terms were printed in a list, 
with each term attached to a 100 mm visual analogue scale ranging from 0 = minimum 
to 100 = maximum.  For the quantification session, observers were asked to score each 
of 32 randomly-ordered video clips (each showing one individual) for every one of their 
descriptive terms.  For further details of the QBA methodology, see Chapter 2.   
The observer scores were analysed using Generalised Procrustes Analysis (GPA).  
A detailed description of the QBA methodology can be found in Chapter 2.  To compare   209 
differences between the two nutritional groups on each of the three GPA dimensions, 
one-way ANOVAs were performed (Statistica, StatSoft-Inc, 2001). 
The temperament and QBA scores were compared by correlation analysis using 
Spearman Order Rank Correlations (Statistica, StatSoft-Inc, 2001). 
 
8.2.4.  Temperament measurements 
Temperament was measured 2 weeks after the final transport journey.  Sheep 
were transported approximately 70 km to the University of Western Australia farm 
(Allendale), 3 days before undertaking temperament measurements that have been 
routinely used for temperament testing large numbers of sheep (D. Blache pers. comm.).  
The first behavioural test was a choice test between approaching flock members and a 
human in an arena.  Secondly, two separate isolation tests in a closed box were 
examined. For further details of both the arena and isolation box methodologies see 
Beausoleil et al. (2008). 
The arena test evaluates two conflicting motivations: to move towards their 
flock-mates and avoiding a motionless human standing nearby.  The arena was a fully 
enclosed paved area, with dimensions 7 m (L) x 3.3 m (W) x 1.8 m (H), and was divided 
into 5 sections (Figure 8.1).  Four sections were marked by a line on the ground while 
the fifth section (holding pen) was separated by a metal gate and housed 2 flock-mates.  
A motionless human was positioned standing in front of the holding pen.  Animals 
entered the arena through an entry gate at the opposite end to the holding pen and 
remained in the arena for 3 minutes.  The number of zones crossed and the number of 
bleats emitted were recorded for each test individual. 
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Figure 8-1. Schematic of test arena.   
Zones were differentiated on the floor with paint (dotted line) and the test sheep was free 
to move between the zones.  X marks the position of the human.  The double dashed line 
represents the metal gate physically separating two flock-mates from the test sheep.  The 
solid lines represent opaque 1.8 m high walls.  The test sheep therefore could not see the 
remainder of its flock mates outside the test arena. 
 
The isolation box test involved measuring the level of agitation of each sheep 
whilst it was isolated in an enclosed dark plywood box for 1 minute.  Two boxes were 
used: box 1 had dimensions of 1.5 (L) x 1.5 (W) x 1.5 (H) (floor space: 2.25 m
2); and 
box 2 had dimensions of 1.5 (L) x 0.7 (W) x 1.5 (H) (floor space: 1.05 m
2).  
Immediately after leaving the test arena, sheep were held in box 1 for one minute, held 
in a joining race for one minute and then held in box 2 for one minute.  Agitation was 
measured by an electronic ‘agitation meter’ attached to each box which produced a 
numerical reading based on vibrations made by the movement and vocalisation of the 
sheep.     211 
The differences between nutritional groups for the number of bleats, the number 
of zones crossed and agitation level were analysed using a Kruskal-Wallis test 
(Statistica, StatSoft-Inc, 2001). 
 
8.3.  Results   
 
8.3.1.  Body condition scores 
In October 2009 (transport time) after 5 months of varying nutritional treatments, 
the low nutritional group had reached a BCS of 1.6 ± 0.05 and the high nutritional group 
had reached a BCS of 3.1 ± 0.09 (Figure 8.2). 
 
Figure 8-2.  Change in BCS for each group of sheep between June and October.   
The vertical line indicates the point at which transport occurred.  Temperament scoring 
was undertaken 2 weeks later. 
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8.3.2.  Qualitative behavioural assessment 
The 10 observers generated a total of 78 descriptive terms, with an average of 16 
± 4 terms per observer (range 9 to 23).  The GPA consensus profile explained 42.46 % 
of the variation among the observers, and this differed statistically from the mean 
randomised profile (t99 = 11.5, p < 0.001).  The first three dimensions explained 35.9 %, 
19.6 % and 7.3 % of the variation between animals. 
Word charts were produced for each of the 10 observers.  The most frequently 
used terms that were correlated with GPA dimension 1 were ‘relaxed’, ‘at ease’ and 
‘quiet’ at one end of the axis, versus ‘alert’, ‘inquisitive’ and ‘curious’ on the other end.  
The most frequently used words for GPA dimension 2 were ‘scared’, ‘distressed’, and 
‘agitated’ on one end of the axis, versus ‘curious’, ‘confident’ and ‘relaxed’ on the other 
end.  The most frequently used words for GPA dimension 3 were ‘relaxed’, 
‘comfortable’ and ‘happy’ on one end of the axis, versus ‘playful’, ‘frightened’ and 
‘distressed’ on the other end.  Table 8.1 gives a full list of terms for each dimension and 
indicates the number of observers that used each term. 
Positions of the nutritional groups on the three GPA dimensions are shown in 
Figure 8.3.  There were no significant differences between the low and high nutritional 
groups on any of the three GPA dimensions (GPA dimension 1: F 3, 28 = 0.18, p = 0.673; 
GPA dimension 2: F 3, 28 = 3.42, p = 0.074; GPA dimension 3 F 3, 28 = 0.12, p = 0.731). 
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Table 8-1.  Terms with the highest and lowest correlations with GPA dimensions 1, 2 and 3 
of the consensus profile for sheep during transport.   
Terms are ranked by the number of observers using that term (when a term was used by 
multiple observers, values in parentheses give the number of observers using that term), 
and then in descending order of correlation with the GPA consensus dimension. 
Low values  High values 
GPA dimension 1 (35.9 %)   
Relaxed (2), at ease, quiet, confused, worried, 
nervous, anxious, confident, frightened, 
content, placid, tired, calm, docile, carefree, 
comfortable 
 
Alert (4), inquisitive (4), curious (4), concerned 
(2), aware (2), nervous (2), anxious, 
distressed, disorientated, scared, confident, 
worried, observant, bright, focussed, 
interested, searching, dependent, wondering 
GPA dimension 2 (19.6 %)   
Scared, distressed, agitated, nervous, wary, 
frightened, stressed 
 
Curious (3), confident (2), relaxed (2), 
comfortable (2), comforted, assertive, 
inquisitive, searching, interested, settled, 
secure, wondering, laid back, stable, happy, 
fine 
GPA dimension 3 (7.3 %)   
Relaxed, comfortable, happy, anxious 
 
Playful, frightened, distressed, anxious, 
nervous, worried, confused 
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Figure 8-3.  Positions of sheep within their treatments on GPA dimensions 1 and 2 (a) and 1 and 3 (b). 
Values are the mean ± 1 SD of scores for the n = 16 individuals within each treatment group.
High BCS
Low BCS
-0.1
-0.06
-0.02
0.02
0.06
0.1
-0.1 -0.06 -0.02 0.02 0.06 0.1
GPA dimension 2
G
P
A
 
d
i
m
e
n
s
i
o
n
 
1
a
High BCS
Low BCS
-0.1
-0.06
-0.02
0.02
0.06
0.1
-0.1 -0.06 -0.02 0.02 0.06 0.1
GPA dimension 3
G
P
A
 
d
i
m
e
n
s
i
o
n
 
1
b  215 
8.3.3.  Temperament tests 
During the arena test, there were no significant differences in the number of 
bleats (H 9, N=32 = 8.78 p = 0.458) or the number of times a sheep crossed a zone (H 15, 
N=32 = 11.95, p = 0.683) between the nutritional treatment groups.  There was also no 
difference in the agitation levels recorded in either isolation box 1 (H 26, N=32 = 27.13, p 
= 0.403) or box 2 (H 29, N=32 = 27.13, p = 0.565) between the two nutritional groups 
(Table 8.2). 
 
Table 8-2.  Temperament scores for an arena test (#’s of bleats and crosses) and two 
isolation boxes for the low and high nutritional groups.  Values are the mean ± 1 SD (min-
max). 
  Low  High 
Arena test     
     # of Bleats  4.4 ± 7.28 (0-27)  1.9 ± 3.00 (0-12) 
     # of Crosses  12.4 ± 6.78 (3-27)  10.8 ± 6.79 (3-25) 
Isolation test     
     Box 1  157.1 ± 80.17 (60-379)  144.2 ± 46.43 (87-241) 
     Box 2  125.5 ± 65.04 (42-238)  75.9 ± 37.00 (33-145) 
 
  Positive correlations were observed between isolation box 2 and all other 
temperament tests (bleats, crosses and isolation box 1), therefore sheep that had higher 
scores in isolation box 2 also had high scores for box 1, bleated more and showed 
greater locomotion movement (crossed the zones more).  The agitation level for box 1 
was also correlated with greater locomotion during the arena test (Table 8.3).   
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Table 8-3.  Spearman Rank Order Correlations for the relationship between temperament 
measures. 
Values indicated by * are significant at p<0.05. 
  Bleats  Crosses  Box 1 
Crosses  0.295     
Box 1  0.294  0.446*   
Box 2  0.442*  0.447*  0.619* 
 
8.3.4.  Correlations between QBA and temperament 
No correlations were observed between any of the temperament tests and the 
three GPA dimensions.  There were also no correlations between temperament scores 
and the BCS or body mass of the sheep (Table 8.4).   
 
Table 8-4.  Spearman Rank Order Correlations for the relationship between temperament 
measures and the GPA dimensions, the weight and the body condition score of the sheep.  
  Arena test  Isolation test 
  Bleats  Crosses  Box 1  Box 2 
GPA 1  0.174  -0.189  -0.245  -0.050 
GPA 2  0.143  0.098  0.134  0.122 
GPA 3  -0.135  0.029  0.013  -0.263 
         
Weight  -0.045  -0.041  -0.003  -0.343 
BCS  -0.073  -0.151  0.026  -0.289 
 
 
8.4.  Discussion 
 
Even though there was an absence of statistical evidence for any effects on the 
three GPA dimensions, GPA dimension 2 was close to statistical significance, indicating 
that observers were tending towards seeing a difference between low and high BCS 
sheep, with observers scoring the low BCS sheep as more ‘curious’, ‘confident’ and   217 
‘relaxed’, and the high BCS sheep as more ‘scared’, ‘distressed’ and ‘agitated’.   On 
GPA dimensions 1 and 2 however, it appears that observers were unable to distinguish 
between the nutritional treatments groups of sheep based on their behavioural 
expression.  This was due to the high variability in the range of scores that the observers 
attributed to the sheep.  Also, there is overlap of terms across all three dimensions on 
both the low and the high end of the axis.  This indicates that observers were not in 
agreement as to what they saw.   
  There was also no significant effect of the nutritional groups upon the 
temperament scores of sheep.  Similarly, Réale et al. (2000) found that temperament 
was not related to body mass in a wild population of bighorn ewes.  There were also no 
correlations between the temperament scores and the GPA dimensions. Temperament is 
an inherent background disposition of each animal that may remain unaltered by 
previous experience or current state (such as nutritional state).  As such, an animal may 
always be ‘calm’ or ‘flighty’ regardless of its body condition score, but the degree to 
which the animal shows these traits may alter depending on its previous 
experience/nutritional state.  For example, fat sheep may appear more flighty than 
thinner sheep, but those ‘fat’ sheep would still be more flighty even if all of the sheep 
had the same BCS.  This indicates that temperament is more based on genetics than 
nutritional state.  In addition, there was high variability in the temperament scores 
indicating that both groups contained a variety of sheep that produced a variety of scores 
during the temperament tests. This, in addition to the high variability of behavioural 
scores is unlikely to produce any correlations between the two variables.   
The sheep in this study had undergone transport at least eight times, including 
the experimental transport trips described in Chapters 5 and 6.  Therefore, it is likely 
that these sheep were habituated to transport, and any effects of the acute stressor 
(transport) on top of the chronic nutritional stress were not manifested.  Once habituated   218 
to a stressor, nutritional status appeared to have minimal or no effect behaviourally, and 
therefore, may not have any effect on the welfare of the animal.  The high variability in 
temperament results across the sheep indicates that there was difference in temperament 
between individuals, but this was not affected by nutritional status.  Temperament is 
determined by genetics and is therefore not likely to be influenced by the level of 
nutrition.  219 
Chapter 9.  General conclusions and future research 
 
As societal concern for the treatment of animals grows, there is an increased 
need to better describe the welfare of livestock.  Welfare includes both the assessment of 
physical and mental aspects, and behavioural assessment is an essential part of such 
assessments.  Qualitative behavioural assessment (QBA) is a method for quantifying the 
behavioural expression of an animal and has recently been used to assess the 
behavioural expression of pigs, cattle, veal calves, horses, poultry, and dogs.  However 
the use of this method to assess the behavioural expression of sheep or for animals 
during transport is novel.  In addition, little is known about the correlation of qualitative 
behavioural expression with physiological variables.  The research detailed in this thesis 
was conducted to determine whether sheep show visible behavioural expressions that 
could be interpreted by human observers and whether physiological measurements 
correlated with these observed behavioural expressions.   
There was consensus amongst observers in their interpretation of the behavioural 
expression of sheep during transport, regardless of the background of the observers in 
this study.  Physiological measurements taken before, during and after transport 
indicated that transport elicited a stress response in the sheep.  The interaction of the 
physiological response to nutritional stress and transport stress is complicated, and 
beyond the scope of this thesis.  Further investigation is warranted to investigate these 
physiological responses.  There were a number of significant correlations between 
physiological measurements and the behavioural expression scores, indicating that these 
stress responses were detected through the behavioural expression of these animals.  
This research demonstrates that QBA can be used as a tool to measure the behavioural 
expression of sheep to indicate the emotional welfare state of those animals.   220 
The relationship between the measured physiological indices and the QBA 
assessments varied for each treatment, and it is difficult to pinpoint any behavioural 
reaction or physiological measurement that can be solely used to measure the welfare of 
sheep during transport.  For example, core body temperature increased in naive and 
habituated sheep described as anxious, nervous and worried but also increased in sheep 
described as alert, curious and aware when the flooring was altered.  In addition, core 
body temperature was not always correlated with the QBA terms when sheep were 
described as nervous or anxious (Tables 9.1 & 9.2).  Plasma leptin concentration 
appeared to be more associated with sheep described as relaxed, calm, or comfortable, 
however, in one incidence plasma leptin concentration was correlated with terms such as 
alert, anxious and nervous.  It is clear that different emotive states involve similar 
hormonal and metabolite pathways, which can result in the same, or a similar, response.  
An anxious animal may have an increase in heart rate, but so too can an excited animal.  
Therefore is evident that physiological measures should not be taken as a stand-alone 
measure for welfare, and that the behavioural expression of the animal can clarify the 
meaning of the physiological results. 
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Table 9-1. QBA terms and their correlated physiological variables for the naive and 
habituated sheep, altered ventilation, flooring and stop-start experimental transport trips. 
 
Naive vs. Habituated 
Anxious, nervous, worried 
↓ Plasma IGF-1 concentration 
↑ Heart Rate 
↑ Heart Rate Variability 
↑ Core body temperature 
Alert, anxious, aware  ↓ Monocyte numbers  
↑ Neutrophil: Lymphocyte 
Curious, alert, comfortable 
↑ Basophil numbers 
↑ Neutrophil numbers  
↓ Lymphocyte numbers 
   
Altered Ventilation 
Relaxed, calm, sleepy  ↑ Plasma leptin concentration 
↑ Heart Rate 
Happy, alert, curious  ↑ Red Blood Cell numbers 
Curious, confused, flustered  ↑ Lymphocyte numbers 
Frightened, nervous, stressed  ↑ Neutrophil numbers 
↑ Neutrophil: Lymphocyte 
   
Altered Flooring 
Anxious, agitated, worried 
↑ Plasma leptin concentration 
↑ Plasma IGF-1 concentration 
↓ Plasma glucose concentration 
↑ Haematocrit 
↑ Red Blood Cell numbers 
↑ Monocyte numbers 
↑ Heart Rate Variability 
↑ Core body temperature 
Alert, curious, aware 
↑ Haematocrit 
↑ Red Blood Cell numbers 
↑ Core body temperature 
Interested, happy, aware  ↑ Neutrophil numbers 
   
Stop-start driving 
Alert, anxious, nervous  ↑ Plasma leptin concentration 
↑ Core body temperature 
Calm, relaxed, sleepy 
↑ Lymphocyte numbers  
↑ Basophil numbers 
↑ Heart Rate Variability 
Scared, terrified, worried  ↑ Plasma glucose concentration 
↑ Core body temperature   222 
Table 9-2. QBA terms and their correlated physiological variables for the nutrition studies. 
 
Nutrition (High BCS vs. low BCS; increasing vs. decreasing day length) 
Scared, frightened, confused, agitated, nervous, 
uneasy 
↑ Plasma IGF-1 concentration 
↓ Haematocrit 
↓Red Blood Cell numbers 
Agitated, nervous, uneasy 
↓ Plasma B-OH concentration  
↑ Neutrophil numbers 
↑ Neutrophil: Lymphocyte 
Frustrated, anxious, calm  ↑ Monocyte numbers 
↑ Lymphocyte numbers 
   
Nutrition (Increasing BCS vs. decreasing BCS; increasing vs. decreasing day length) 
Curious, inquisitive, comfortable  ↑ Plasma leptin concentration 
Confident, curious, scared  ↑ Basophil numbers 
   
Nutrition - fasting (Decreasing BCS vs. low BCS; decreasing day length) 
Confident, sure, comfortable  ↑ Monocyte numbers 
Relaxed, passive, quiet  ↑ Plasma cortisol concentration 
↓ Eosinophil numbers 
Hungry, alone, isolated 
↑ Plasma insulin concentration 
↑ Plasma glucose concentration 
↑ Eosinophil numbers 
   
Nutrition – fasting (Increasing BCS vs. high BCS; increasing day length) 
Relaxed, bored  ↑ Plasma leptin concentration 
Nervous, scared, distressed  ↑ Plasma glucose concentration 
Calm, happy, comfortable 
↑ Plasma leptin concentration 
↑ Plasma glucose concentration 
↑ Haematocrit 
↑ Red Blood Cell numbers 
↑ Monocyte numbers 
↑ Neutrophil numbers  
↑ Neutrophil: lymphocyte 
   
Nutrition – fasting (High BCS vs. low BCS; increasing day length) 
Calm, passive, placid  ↑ Plasma leptin concentration 
↓ Core body temperature 
Curious, confident, certain  ↑ Eosinophil numbers 
↑ Monocyte numbers 
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On the basis of the experience I have now had, if I were to start this work again I 
would consider exploring the behavioural assessment of the sheep in the nutrition trial 
closer to the time that the diet manipulation occurred for the increasing and decreasing 
BCS groups.  By the time the assessment was made in this study, these sheep had 
possibly become accustomed to the amount of feed and their body condition.  Therefore, 
it may have been more useful to explore the more immediate effect of more or less feed 
on the behavioural expression.  In addition, the issues encountered with the heart rate 
monitors (i.e. failure of some of the devices) needs to be investigated.  Implantable 
temperature loggers were used, and although implantable heart rate monitors have been 
developed for some species, they are expensive and their reliability is unknown.  It 
would also have been meaningful to follow the physiological profile of the animals 
throughout the transport process, although with current technologies this may be too 
expensive and difficult to achieve with the number of animals in question at any one 
time and the nature of the experiment (transport).  Only reference values for 
physiological variables were collected in this study (i.e. before transport values), as 
opposed to any control data; the animals were not studied contemporaneously with the 
‘treated’ animals.  This is a limitation of the experimental design, and was adopted for 
practical reasons.  
There are many benefits of using QBA to assess welfare.  It is inexpensive, non-
invasive for the animal, can be used in any number of different environmental and 
production systems (e.g. saleyards, intensive vs. extensive farming).  The process itself 
is complex, but can include observers from a range of stakeholder groups, and observers 
can include a wide range of persons with different background and experience with 
animals.  Behavioural measures allow assessment of instant responses to a particular 
condition, whilst QBA arguably provides less ambiguity than most other behavioural 
interpretations.  For example, measuring fear through flight speed can give ambiguous   224 
results because a fearful animal may demonstrate a very high flight speed score, or a 
very low flight speed score, dependent on whether it chooses to escape quickly or is too 
fearful to exit.  On the contrary, a less fearful animal can also leave the test arena 
quickly in excitement to explore its surroundings or it can leave slowly if it is 
nonchalant towards its surroundings.  Using QBA to examine the behavioural 
expression of the whole animal (in other words ‘how’ it leaves the test area) can reveal 
whether the animal with a high or low flight speed score is actually fearful or not.  
Arguably, therefore, interpretation of the behavioural expression of animals can provide 
more detailed information than physiological or behavioural measurements alone.   
Another advantage of QBA is that the method allows assessment of responses at 
the time of exposure to a particular environment.  By contrast, many physiological 
measures have varying time frames within which they can be useful.  Some 
physiological measurements have a prolonged effect (e.g. cortisol) whilst others (e.g. 
heart rate) return to normal ranges in a very short period of time.  Therefore, when 
measuring physiological variables some time after an event, it is important to be aware 
that variables that do not appear to have responded may have peaked early and already 
returned to normal ranges, which can make them indistinguishable from factors that 
have not changed in response to the stressor.  Therefore, the timing of the sample can 
affect the results.  Some physiological variables also change with time of day and year 
(e.g. cortisol has a circadian rhythm and is at its greatest early in the morning) so it is 
also important to take this into consideration when comparing responses to a stressor.  
Having a measurement such as QBA, which can be collected at the time point of interest 
is therefore advantageous. 
In Europe, there has been a consumer/retailer driven movement to identify 
animal-friendly production methods.  Animal welfare is of considerable concern to 
consumers in Europe and food quality not only includes the nature and safety of the   225 
product but also the perceived welfare of the animal from which the food is produced.  
As a result, the Welfare Quality® project was developed in 2004 in response to growing 
consumer demands for better animal welfare.  The Welfare Quality® project focussed 
on the integration of animal welfare into the food quality chain, with the aim of 
accommodating societal concerns and market demands.  Welfare Quality® not only 
assesses the welfare of the animals but also sought to provide feedback and support to 
producers.   The project developed on-farm monitoring systems to improve animal 
welfare that has included QBA.  To date, this has been implemented in three livestock 
species; cattle (beef cattle, dairy cattle, and veal calves), pigs (sows, and fattening pigs) 
and chickens (broiler chickens, and laying hens).  Phase 2 of the Welfare Quality® 
project will continue this work to include sheep.   
The aim of Welfare Quality® has been to develop European standards for on-
farm welfare assessment.  Researchers spent four years developing ways to assess 
animal welfare on-farm and established 12 criteria (Table 9.3) that underpin the Welfare 
Quality® assessment systems.  These welfare criteria include absence of hunger, 
absence of thirst, comfort around resting, thermal comfort, enough space, absence of 
injury, disease and pain, ability to express normal behaviour, good human-animal 
relationships, and absence of negative emotions and promotion of positive emotions in 
the animals.  Within these criteria are between 30 and 50 measurements for each of the 
three livestock species.  Examples of these measurements include: numbers of animal, 
types of housing, drinker cleanliness and availability, body condition, health (presence 
of lesions, nasal discharge, diarrhoea, lameness, coughing), aggression, approachability, 
and on-farm QBA.  Examples of the assessments for dairy cows, fattening cattle, 
growing pigs and broilers can be found in Appendix 2.  The measurements were then 
combined into an overall welfare score.  All of the measurements were specifically 
tailored for each species, including QBA.  Initially, terms for QBA were generated   226 
through free-choice profiling and were then edited to produce a fixed list of 20 terms 
which varied between each species.   
Farmer engagement with the Welfare Quality® project in Europe has been high 
overall.  However, farmers already engaged in specific animal welfare and organic 
schemes were more ready to accept and implement new measures than farmers in basic 
and top quality assurance schemes.  The reasons indicated include perceptions where 
improved animal welfare measures (e.g. the addition of straw bedding) may conflict 
with farmers’ ideas about good farming practices.  For example, the addition of straw 
has been argued to put animal health at risk by reducing hygiene and sanitation 
(Kjaernes et al. 2007).  Some farmers were more optimistic about market opportunities 
and consumer responses, whilst farmers in basic or top quality assurance schemes have 
little faith in consumer willingness to pay for animal welfare quality products (Kjaernes 
et al. 2007). 
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Table 9-3. The principles and criteria that are the basis for the Welfare Quality® 
assessment protocols 
Welfare principles  Welfare criteria 
Good feeding 
1  Animals should not suffer from prolonged hunger, i.e. 
they should have a sufficient and appropriate diet 
2 
Animals should not suffer from prolonged thirst, i.e. 
they should have a sufficient and accessible water 
supply 
Good housing 
3  Animals should have comfort around resting 
4  Animals should have thermal comfort, i.e. they should 
neither be too hot nor too cold 
5  Animals should have enough space to be able to move 
around freely 
Good health 
6  Animals should be free of physical injuries 
7  Animals should be free of disease, i.e. farmers should 
maintain high standards of hygiene and care 
8 
Animals should not suffer pain induced by 
inappropriate management, handling, slaughter, or 
surgical procedures (e.g. castration, dehorning) 
Appropriate behaviour 
9  Animals should be able to express normal, non-
harmful, social behaviour, e.g. grooming 
10 
Animals should be able to express other normal 
behaviour, i.e. it should be possible to express species-
specific natural behaviour such as foraging 
11 
Animals should be handled well in all situations, i.e. 
handlers should promote good human-animal 
relationships 
12 
Negative emotions such as fear, distress, frustration or 
apathy should be avoided whereas positive emotions 
such as security or contentment should be promoted 
 
In Australia, there are many potential applications for QBA.  On-farm it can 
serve as a self-regulating tool for farmers.  Farmers, stock people and those involved in 
animal management already use the behavioural expression of the animals as indicators 
of poor health as part of their routine stockmanship practices.  Animal handlers can 
identify behaviour that indicates if the animal is sick, e.g. stockmen loading sheep onto 
trucks or ships use the ‘fit to load’ guide (Anon, 2006) to draft off sheep they consider 
‘unfit to load’ based on the behaviour they display as well as obvious physical signs of 
disease and injury.  QBA can scientifically validate their assessment of the animals since 
the behavioural expression of animals reflects their physiological state and therefore   228 
their emotional and physical responses to their environment.  QBA can also allow 
animal handlers to assess the effects of different management practices and procedures 
on their animals; e.g. feed regimes, painful/stressful procedures (tail docking/shearing), 
and different yard and race designs, or to assess the reactivity of stock selected from 
various genetic backgrounds.  On a larger scale, QBA has the potential to provide 
assurance of welfare monitoring to the public and indicate whether the standard of 
welfare is improving.   
The awareness of animal welfare in Australia is rising, with an increased number 
of printed advertisements (e.g. material shown in Appendix 3) and radio and television 
advertisements from groups such as Animal Australia (2010).  Consumers are also 
shifting their attitudes towards better welfare practices for food animals.  In a survey of 
the attitudes of Australians to battery hen production in 1994, 66 % believed battery 
cages were unacceptable, were too small, and that hens should have the freedom to 
move around and exercise (McNair, 1994).  A second survey only four years later 
indicated that 81 % of respondent would pay more for their eggs if a ban on battery 
cages was introduced (People Data, 1998).  This has been supported in a more recent 
survey by Human Society International Australia (2009), with 95 % of respondents 
prepared to pay extra for more ethically produced food.  In another survey, 60 % of 
respondents agreed that the welfare of animals is a major concern and 71 % agreed that 
farm animal welfare is an important consideration (Coleman, 2007).  Consumer concern 
for animal welfare in Australia is also expressed through their purchasing habits, with 
the market share of free range eggs increasing from 5.5 % in 2000 (SCARM Working 
Group, 2000) to an estimated 26.8 % in 2009 and the inclusion of barn laid eggs in the 
market (Australian Egg Corporation, 2009).  This is a prime opportunity for Australian 
producers and retailers to take advantage of the growing demand for animal welfare 
friendly products.  In the U.K., major retailers recognise consumer concerns and label   229 
their products accordingly.  With globalisation of companies and increased exposure of 
animal welfare issues, it is inevitable that consumer demands will drive farming 
practices in Australia.  Retailers, such as Woolworths and Coles are already stocking 
free range chicken and free range pork, and companies such as Steggles, a major 
chicken producer in Australia, only produces barn raised chickens.  Steggles also 
dedicate a page on their website providing information about the health and welfare of 
their animals.  Australian Pork Limited has also included information on their website in 
regard to the health and welfare of farmed pigs.  Examples of the information available 
on web sites and the changes being made by retailers and fast-food outlets in Australia 
to include free range products in their supermarkets or restaurant are shown in Appendix 
4.  Encouraging retailers and fast-food outlets to improve animal welfare standards on 
their supply farms can set the benchmark for other producers, even if this requires a 
market premium. 
Whilst the sheep and cattle industry are not under the spotlight in terms of meat 
production, as the pork industry are becoming increasingly so, the sheep and cattle 
industry are under scrutiny for management practice, such as mulesing, live export and 
extensive land transport.  The wool industry and the live export trade have been very 
negatively portrayed by animal rights groups, such as PETA.  Voluntary quality 
assurance schemes can play a major role in these industries to provide feedback to 
consumers regarding the welfare standards of the animals used in food products.  In 
addition, welfare assessment is not just about identifying risks but also about praising 
farmers for their current good farming practices.  In Europe, the Welfare Quality® 
program is viewed as an on-going system of assessment of welfare and is as much about 
providing positive feedback to farmers as it is about identifying areas that need 
improvement.     230 
Whilst QBA could potentially be used as a standalone tool by farmers and stock 
people for on-farm welfare assessment, it is recommended that it is used in combination 
with other welfare measures (e.g. as used in the Welfare Quality® program) to gain an 
overall indication of animal welfare.  There is also scope for QBA to be incorporated 
into other research projects as a measure of welfare, for example, to compare different 
management practices or procedures. 
In addition to farming practices in Australia, many of the animals farmed here 
are exported to Asia and the Middle East.  Most of the animals will end up on small-
holdings in community type farming, meaning that meat production in developing 
countries will increase.  QBA, due to its low cost, low need for technology and its ease 
of use makes it an ideal tool to train these farmers about assessing health and welfare. 
There are many directions future research using QBA could take.  Firstly, 
investigation is required for the use of QBA on groups of animals under a range of 
situations; e.g. on-farm, during long distance, commercial transport or in feedlots, 
lairage or saleyards.  For groups of animals we still need to identify the ideal number of 
animals in a group for optimum behavioural assessment.  Secondly, whilst this thesis 
investigated the effects of observer background on their perception of the behavioural 
assessment of sheep, it would be interesting to look at the difference between specific 
groups of people that would be likely to use QBA in their profession; e.g. farmers, 
veterinarians, stock people and animal welfare inspectors, as well as animal welfare 
groups.  Thirdly, comparing the value of fixed-lists of terms against each observer 
choosing their own terms would be worth investigating.  Finally, sociological 
interpretation of the difference between terms used for different animal species and 
between different testing situations would be beneficial.  For example, terms used for 
sheep during transport may not be relevant when looking at lambs post-weaning.   231 
Overall, QBA has been successful in interpreting the behavioural expression of 
sheep under a variety of transport conditions, and various observer groups have shown 
consensus in their assessments.  However, QBA did not identify differences between 
every treatment, such as between different sheep of different nutritional status.  
Therefore, it is important to realise that QBA is not a standalone measure of welfare, but 
can be used as a tool alongside other measures, such as health status or physiology, to 
gain a better overall understanding of animal welfare.  The research detailed in this 
thesis provides a solid grounding for assessing the welfare of sheep in Australia.  The 
future of QBA use in Australia now lies with growing consumer demands as well as 
industry and retailers acceptance of the tool as a measure of animal welfare. 
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Chapter 10.  Appendices 
 
10.1.    Appendix 1: Survey of observers 
   
Qualitative Behavioural Assessment – human observation study 
 
Please create a unique code from the following: 
First two letters of your mother’s first name           
First two letters of your father’s first name           
Day of the month you were born (e.g. 4
th = 04, 17
th = 17)       
These four letters and two numbers make up your unique code (e.g. SIAL17) 
 
Are you:         Male     Female 
 
Age:           19 or under      20-29      30-39  
           40-49      50-59      60-69      70+ 
 
Country of birth:    …………………….……………………………… 
 
Nationality:      .…………………………………………………… 
 
Current position:     Undergraduate student    Postgraduate student     
         Staff    Other…………………………………… 
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Area of study/employment: 
 Biological Science & Biotechnology    Engineering & Energy    
 Psychology    Law   IT    Chemical & Mathematical Science  
 Chiropractic   Education    Sustainability   Business   
 Environmental Science   Media   Nursing   Pharmacy   
 Social Science & Humanities    Biomedical Science    
 Animal Science    Veterinary science    Other……………..…… 
 
Do you currently live on: 
 an urban property/environment    a rural property/environment 
 
Have you ever lived on a rural property/environment?   Yes    No 
If yes, how long did you live there: 
 Less than 1 month    1 – 6 months   6 – 12 months 
 1 – 2 years      More than 2 years 
         
Have you ever visited a farm which rears animals?     Yes    No 
If yes, what animals did they farm? (Tick all that apply) 
 Sheep (wool)   Sheep (meat) 
 Beef cattle    Dairy cattle 
 Chickens (eggs)   Chickens (meat) 
 Pigs       Other…………………………… 
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Have you ever visited an abattoir?     Yes    No 
If yes, what type of animal was being slaughtered there? (Tick all that apply) 
 Sheep    Cattle    Pig    Chicken    Other………………… 
 
How often do you see sheep being transported? 
 Daily     Once or twice a week 
 Once a fortnight   Once a month 
 Once a year   A few times a year 
 Never 
 
Currently, how often would you say you come into contact with sheep? 
 Daily     Once or twice a week 
 Once a fortnight   Once a month 
 Once a year   A few times a year 
 Never 
 
How much time have you spent working with sheep in your lifetime? 
 Never     A few occasions 
 A few days    A few weeks 
 A month or more   A year or more 
 
Do you currently have any of the following as pets? (Tick all that apply) 
 Dog(s)    Cat(s)    Bird(s)    Fish    Horse(s)      
 Livestock    Reptile(s)    Rodent(s)    Other…………………… 
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How often do you eat the following? 
                                     Poultry  Lamb  Beef   Fish  Eggs  Dairy 
Never                                            
Occasionally (< once a week)                                     
Often (1-4 times a week)                                      
Always (> 5 times a week)                                      
 
What factors do you consider when eating the following? (Tick all that apply) 
                                   Poultry   Lamb   Beef   Fish   Eggs   Dairy  
Vegetarian                                                
Religion                                               
Dietary intolerance                                             
Dislike product                                             
Animal welfare concerns                                            
Food safety                                               
Cost                                                 
Other………………………………                                         
 
Do you believe that purchasing animal welfare friendly products can positively 
influence animal welfare? (Place a cross on the line to indicate your answer) 
No                                      Don’t know                   Yes 
_________________________________________________________ 
Comments…………………………………………………………………………………
…………………………………………………………………………………… 
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If you consume meat, dairy or eggs, are you personally responsible for the purchasing 
these products?  
 Yes      No      Not applicable          
Comments…………………………………………………………………………………
…………………………………………………………………………………… 
 
Do you believe animal welfare should be improved in Australia? (Place a cross on the 
line to indicate your answer) 
No                                      Don’t know                   Yes 
_________________________________________________________ 
Comments…………………………………………………………………………………
…………………………………………………………………………………… 
 
What factors influence your assessment of animal welfare? 
 Media      Education      Religion     Personal experience 
 Family/social/peers      Not sure      Other ……………………….. 
Comments…………………………………………………………………………………
…………………………………………………………………………………… 
 
As a consumer, would you be willing to pay more for products coming from facilities 
that are enhancing welfare beyond current industry standards? 
 Yes      No  
Comments…………………………………………………………………………………
…………………………………………………………………………………… 
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Place a cross on the line for the following questions to indicate your answer 
How do you rate the welfare of meat sheep in Australia? 
Poor                          Excellent 
_________________________________________________________ 
 
How do you rate the welfare of wool sheep in Australia? 
Poor                          Excellent 
_________________________________________________________ 
 
How do you rate the welfare of sheep during road transport? 
Poor                          Excellent 
_________________________________________________________ 
 
How do you rate the welfare of sheep during live export by sea? 
Poor                          Excellent 
_________________________________________________________ 
 
How do you rate the welfare of Australian exported sheep at their foreign destination? 
Poor                          Excellent 
_________________________________________________________ 
 
I can tell how individual sheep are feeling by the way they behave 
Strongly disagree                               Strongly agree 
_________________________________________________________ 
Comments…………………………………………………………………………………
……………………………………………………………………………………   238 
 
I believe animal welfare is important 
Strongly disagree                                    Strongly agree 
_________________________________________________________ 
Comments…………………………………………………………………………………
…………………………………………………………………………………… 
 
I am influenced by the media in my perceptions of animal welfare 
Strongly disagree                                    Strongly agree 
_________________________________________________________ 
Comments…………………………………………………………………………………
…………………………………………………………………………………… 
 
Sheep show visible behavioural responses 
Strongly disagree                                    Strongly agree 
_________________________________________________________ 
Comments…………………………………………………………………………………
…………………………………………………………………………………… 
 
It doesn’t matter what a person’s background is, they will be able to tell how an animal 
is feeling 
Strongly disagree                                     Strongly agree 
_________________________________________________________ 
Comments…………………………………………………………………………………
…………………………………………………………………………………… 
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People who don’t eat meat are better able to interpret how sheep are behaving 
Strongly disagree                                     Strongly agree 
_________________________________________________________ 
Comments…………………………………………………………………………………
…………………………………………………………………………………… 
 
People who have pets are better able to interpret how sheep are behaving 
Strongly disagree                                     Strongly agree 
_________________________________________________________ 
Comments…………………………………………………………………………………
…………………………………………………………………………………… 
 
People who have no preconceived ideas of sheep behaviour are better able to interpret 
how sheep are behaving 
Strongly disagree                                     Strongly agree 
_________________________________________________________ 
Comments…………………………………………………………………………………
……………………………………………………………………………………   240 
10.2.    Appendix 2: Welfare Quality® measurements 
10.2.1.    Dairy cows 
 
Measure  Value 
Number of lactating cows    
Type of housing (loose vs tied) 
 
% very lean cows    
Number of water troughs 
  
Total length of water troughs    
Number of water bowls    
Cleanliness of water points 
 
Water flow 
 
Duration of lying down movements 
  
% lying down movements with collisions    
% lying cows which lie partly outside lying area    
% cows with dirty lower legs    
% cows with dirty udder 
  
% cows with dirty flank and upper legs    
Number of days with access to outdoor loafing area (OLA) per year    
Number of hours with access to OLA per day    
Number of days on pasture per year 
  
Number of hours on pasture per day    
% not lame cows    
% moderately lame cows (if loose housed) or % lame cows (if tied)    
% severely lame cows 
  
% cows with no lesion      241 
% cows with at least one hairless patch and no lesion    
% cows with at least one lesion    
Frequency of coughing per cow per 15 min 
  
% cows with nasal discharge    
% cows with ocular discharge    
% cows with increased respiratory rate    
% cows with diarrhoea 
  
% cows with vulvar discharge    
% mastitis (milk somatic cell count > 400 000)    
% mortality during the last 12 months    
% dystocia 
  
% downer cows    
% dehorned cows    
Method used for dehorning 
 
Use of anaesthetics for dehorning 
 
Use of analgesics for dehorning 
 
% tail-docked cows    
Method used for tail-docking 
 
Use of anaesthetics for tail docking 
 
Use of analgesics for tail docking 
 
Frequency of butts per cow per hour 
  
Frequency of displacements per cow per hour 
  
% cows that can be touched    
% cows that can be approached by 50 cm but not touched    
% cows that can be approached between 50 cm and 1 m 
  
% cows that can't be approached    
Tendency to be active      242 
Tendency to be relaxed    
Tendency to be fearful    
Tendency to be agitated 
  
Tendency to be calm    
Tendency to be content    
Tendency to be indifferent    
Tendency to be frustrated 
  
Tendency to be friendly    
Tendency to be bored    
Tendency to be playful    
Tendency to be positively occupied 
  
Tendency to be lively    
Tendency to be inquisitive    
Tendency to be irritable    
Tendency to be uneasy 
  
Tendency to be sociable    
Tendency to be apathetic    
Tendency to be happy    
Tendency to be distressed 
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10.2.2.    Fattening cattle 
 
Measure  Value 
Number of fattening cattle per group    
% very lean animals    
Number of water troughs    
Total length of water troughs    
Number of water bowls    
Cleanliness of drinkers 
 
Average duration of lying down movements    
% dirty fattening cattle    
Number of days with access to outdoor loafing area (OLA) per year    
Number of hours with access to OLA per day    
Number of days on pasture per year    
Number of hours on pasture per day    
Length of the pen    
Width of the pen    
Estimated live weight of bulls    
% animals with at least one hairless patch and no severe lesion    
% animals with at least one severe lesion    
% lame animals    
Mean number of coughs per animal and 15 min    
% animals with nasal discharge    
% animals with ocular discharge    
% animals with hampered respiration    
% animals with diarrhoea    
% animals with bloated rumen      244 
% animals dead during fattening    
% dehorned or disbudded animals    
Method used for dehorning/disbudding 
 
Use of anaesthetics for dehorning/disbudding 
 
Use of analgesics for dehorning/disbudding 
 
% tail-docked animals    
Method used for tail-docking 
 
Use of anaesthetics for tail docking 
 
Use of analgesics for tail docking 
 
% castrated animals    
Method used for castration 
 
Use of anaesthetics for castration 
 
Use of analgesics for castration 
 
Frequency of head butts per animal and hour    
Frequency of displacements per animal and hour    
Frequency of fighting per animal and hour    
Frequency of chasing per animal and hour    
Frequency of chasing up per animal and hour    
Frequency of social licking per animal and hour    
Frequency of horning per animal and hour    
Access to pasture before the beginning of fattening 
 
% animals that can be touched    
% animals that can be approached closer than 50 cm but not touched    
% animals that can be approached as closely as 100 to 50 cm    
% animals that cannot be approachedas closely as 100 cm    
Tendency to be active      245 
Tendency to be relaxed    
Tendency to be uncomfortable    
Tendency to be calm    
Tendency to be content    
Tendency to be tense    
Tendency to be enjoying    
Tendency to be indifferent    
Tendency to be frustrated    
Tendency to be friendly    
Tendency to be bored    
Tendency to be positively occupied    
Tendency to be inquisitive    
Tendency to be irritable    
Tendency to be nervous    
Tendency to be boisterous    
Tendency to be uneasy    
Tendency to be sociable    
Tendency to be happy    
Tendency to be distressed      246 
10.2.3.    Growing pigs 
 
Measure  Value 
% lean pigs    
Number of pigs in the pen    
Length of the pen    
Width of the pen    
Number of drinking places    
Functioning of drinkers 
 
Cleanliness of drinkers 
 
% pigs with bursae score 0    
% pigs with bursae score 1    
% pigs with bursae score 2    
% pigs with manure score 0    
% pigs with manure score 1    
% pigs with manure score 2    
Shivering 
 
Panting 
 
Huddling 
 
% animals affected with lameness 
score 1    
% animals affected with lameness 
score 2    
% pigs with wounds scored 1    
% pigs with wounds scored 2    
% pigs with tail severely bitten    
Frequency of coughing per pig per 5 
min    
Frequency of sneezing per pig per 5 
min    
% pigs with laboured breathing      247 
% pigs with thisted snout    
% pigs with rectal prolapse    
Aspect of manure in the pen 
 
% pigs with more than 10% abnormal 
skin    
% pigs with hernia score 1    
% pigs with hernia score 2    
% pigs dead on the farm during the 
last 12 months    
Castration 
 
Tail-docking 
 
% sample points with social behaviour 
out of sample points were pigs were 
active    
% sample points with negative social 
behaviour out of sample points were 
pigs were active    
% sample points when exploration of 
pen features was observed out of 
sample point    
% sample points when exploration of 
enrichment material was observed out 
of sample point    
% pens with panic score 2 (more than 
60% pigs panic)    
Tendency to be active    
Tendency to be relaxed    
Tendency to be fearful    
Tendency to be agitated    
Tendency to be calm    
Tendency to be content    
Tendency to be tense    
Tendency to be enjoying    
Tendency to be frustrated    
Tendency to be bored    
Tendency to be playful      248 
Tendency to be positively occupied    
Tendency to be listless    
Tendency to be lively    
Tendency to be indifferent    
Tendency to be irritable    
Tendency to be aimless    
Tendency to be happy    
Tendency to be distressed    
Tendency to be sociable    
% pigs taken to slaughter affected by 
pneumonia    
% pigs taken to slaughter affected by 
pleurisy    
% pigs taken to slaughter affected by 
pericarditis    
% pigs taken to slaughter affected by 
white spots on the liver    
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10.2.4.    Broilers 
Measure  Value 
Number of birds from the house    
House area    
Number of rejected birds due to emaciation    
Number of nipple drinkers    
Number of bell drinkers    
Number of cup drinkers    
% birds with clean plumage    
% birds with slightly dirty plumage    
% birds with moderately dirty plumage    
% birds with dirty plumage    
% locations where the litter is scored 0 (dry)    
% locations where the litter is scored 1    
% locations where the litter is scored 2    
% locations where the litter is scored 3    
% locations where the litter is scored 4 (wet & 
sticky)    
Dust sheet test 
 
Panting 
 
Huddling 
 
Bird weight on visit    
% birds with breast blisters    
% birds with no hock burn    
% birds with mild hock burn (individual score b 
or c)    
% birds with severe hock burn (individual score 
d or e)    
% birds with no foot pad dermatitis      250 
% birds with mild foot pad dermatitis (individual 
score b or c)    
% birds with severe foot pad dermatitis 
(individual score d or e)    
% not lame birds    
% moderately lame birds    
% severely lame birds    
% birds with ascites    
% birds with dehydration    
% birds with septicaemia    
% birds with hepatitis    
% birds with pericarditis    
% birds with subcutaneous abscesses    
% birds found dead on arrival    
% birds culled    
Estimated proportion of birds outdoors 
 
Number of birds that are within 1 m of the 
observer    
Tendency to be active    
Tendency to be relaxed    
Tendency to be helpless    
Tendency to be comfortable    
Tendency to be fearful    
Tendency to be agitated    
Tendency to be confident    
Tendency to be depressed    
Tendency to be calm    
Tendency to be content    
Tendency to be tense      251 
Tendency to be inquisitive    
Tendency to be unsure    
Tendency to be energetic    
Tendency to be frustrated    
Tendency to be bored    
Tendency to be friendly    
Tendency to be positively occupied    
Tendency to be scared    
Tendency to be drowsy    
Tendency to be playful    
Tendency to be nervous    
Tendency to be distressed    
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